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FORWARD 


This report describes work undertaken by the Engineered Magnetics 
Division of Gulton Industries for the NASA, Lewis Research Center 
under Contract NAS3-10936. The effort undertaken was the design, 
development, and testing of the DC Power Supply portion ^of the 
Brayton cycle test engine which is under development at the Lewis 
Center. The report describes the work performed by Engineered 
Magnetics and the results of the described equipment development. 
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ABSTRACT 


The Brayton DC Power Supply converts 1200 Hz AC power to 
positive 28 volt and negative 28 volt DC power for use m 
the Brayton Space Power System. This Supply also includes 
a positive and a negative 28 volt battery with chargers 
and control logic that directly supplies DC output power 
when AC input power is not available for conversion. The 
measured AC to DC conversion efficiency is 93%. The cal- 
culated Mean Time Between Failures is approximately 60,000 
hours . 

This report presents the theory of operation, electrical 
and mechanical design drawings, reliability calculations, 
parts selections, thermal measurements, and test results. 
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SUMMARY 


The NASA Lewis Research Center is currently engaged m a Brayton 
Space Power Technology Program. The Brayton Power Conversion 
System (PCS) has applicability for solar, radioisotope, and 
nuclear space power systems. The Brayton system has a net 
output power range of 2.25 to 10.5 kW at 1200 Hz. The 
Brayton PCS is designed to operate unattended in space for five 
(5) years. 

The DC Power Supply Program was conducted 'at Gulton Industries, 
Inc., Engineered Magnetics Division, under a contract with the 
NASA Lewis Research Center. This program included the design, 
development, fabrication, testing, and delivery of four DC Power 
Supplies . 

A portion of the 1200 Hz Brayton PCS electrical output serves as 
an input to the DC Power Supply, which converts the AC power to 
DC power. Both positive and negative 28 VDC are furnished to 
the coolant pump static inverters and to the engine control sys- 
tem of the Brayton System. The DC Power Supply also includes 
positive and negative 28 vo]t batteries which will provide DC 
power when the AC input power is not available for conversion. 

j 

The DC Power Supply, which has a complete redundancy of its power 
conversion elements, requires only slight output filtering due 
to its advanced transformer configuration. It has a tested AC 
to DC conversion efficiency of 93%. The calculated Mean Time 
Between Failure of the DC Power Supply is 62,464 hours; with the 
use of Ultra-High Reliability components. Mean Time Between Fail- 
ure exceeding the five-year system goal has been achieved. 

The DC Power Supply theory of operation, electrical and mechani- 
cal design drawings, reliability calculations, parts selections, 
thermal measurements, and typical test results are presented m 
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this report 


The DC Power Supply meets or exceeds all requirements of the 
purchase specification with the exception of the Silver Cadmi- 
um batteries. The state-of-the-art m Silver Cadmium batteries 
was not compatible with the five (5) year life -objective of the 
Bray ton program. 
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X. INTRODUCTION 

This Final Report describes, m detail, the DC Power Supply 
Program conducted at Gulton Industries, Inc., Engineered Mag- 
netics Division. The program for Engineered Magnetics Model 
EMPS252 DC Power Supply for the Brayton Cycle Power Conversion 
System (PCS) was initiated m August 1967. 

The program objectives included design, development, fabrication, 
testing, and delivery of four DC Power Supply units to NASA-Lewis 
Research Center. 

The primary function of the DC Power Supply of the Brayton 
Cycle Power Conversion System is to supply power to the DC 
bus during all operational conditions. When 208/120 volt, 
three phase, 1200 Hz power is available from the Brayton 
alternator, the DC Power Supply converts this AC power into 

t 

the desired positive and negative 28 VDC to supply the DC 
bus. When the AC power is not available, the DC Power Supply 
provides power to the DC bus from the Silver Cadmium batteries 
which are part of the DC Power Supply. The design load on 
the DC bus is 1.5 kW. Engineered Magnetics Model EMPS252 DC 
Power Supply is completely self-contained, and includes pro- 
visions for external manual control of system functions. 

The NASA contract defined the specific work requirements in 
four task groups, which were accomplished m the following 
sequence: 

Task I - Preliminary Design Study. 

During the Task I phase of the program, preliminary design and 
assembly details defining system parameters and design envelope 
for Engineered Magnetics Model EMPS252 DC Power Supply were ac- 
complished, a satisfactory baseline was established, and a pre- 
liminary schematic drawing of the DC Power Supply was obtained. 
The DC Power Supply function and operation were defined. The 
Power Supply circuits were sectionalized as follows: 
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Logic 

Transformer-Rectifier 
Battery Charging 
Ampere-Hour Meter 
Telemetry 
Power Relay 
Battery 

Operational characteristics and requirements for each of the 
above listed sections were established. The preliminary design 
of the DC Power Supply was defined. The circuits comprising 
the DC Power Supply were catagonzed as follows: 

* 

1. Logic Circuits 

Trans former -Rectifier Output Sensing 
Battery Discharge Sensing 
Battery Overtemperature Protection 
Battery Fullycharged Protection 
Battery Disconnect From Ground Command 

i 

2. Transformer -Rectifier Power Supply 

Trans former -Rectifier Power Supply 
Battery Charger 

3 . Ampere-Hour Meter 

4. Telemetry Monitor 

Unidirectional Current Monitor 
Bidirectional Current Monitor 
Battery Voltage Monitor 

Output Bus Positive/Negative 28 Volt Monitor 
State of Charge Monitor 
Power ON/OFF Signal Monitor 
Battery Temperature Monitor 

The mechanical design of the DC Power Supply was defined m out- 
line form during Task X. Sufficient design was accomplished to 
establish system demands and to determine that no major problems 
were anticipated m the areas of heat transfer, mounting position 
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or packaging 


Task I concluded with preliminary electrical and mechanical 
design of the DC Power Supply. 
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Task XI - Detail Design and Test Plan. 

Finalization of electrical and mechanical design and definition 
of a test plan for each section of the Power Supply were the 
major objectives of the Task II phase of the program'. The ob- 
jectives of Task II were realized with no major problems 
encountered. 

During Task II, NASA revised the original power system require- 
ments which necessitated modifications of the EMPS252 DC Power 
Supply design. In addition to the NASA revision, Yardney 
Electric Company suggested an alternate battery charging method 
which resulted m further redesign of the DC Power Supply. 

Power system design modifications were mcforporated to provide 
a ground command signal circuit to override all logic functions? 
to accommodate manual control of the power relay; and include 
power transistors momentarily to by-pass the power relay con- 
tacts. The battery charger logic was designed to provide cut-off 
of the 8 ampere charge rate of 37 volts and cut-off of the 4 ampere 
charge at 38 volts respectively. The Ampere-Hour meter logic was 
designed to reset to ,100% when the battery voltage, while under 
4 ampere charge, reached 38 volts. 

Design revisions accomplished during the "B" revision period of 
the study (March 1, 1968 to September 1, 1968) were made at NASA 

* i 

request or as a result if EMD engineering tests. The revisions 
includes Additional terminal lugs on the battery and power sys- 
tem cases; a provision ' for a system ‘gas bottle heater; removal 
of the manual/automatic parallel provision for ground commands, 

I 

and changing the power relay trip point to a higher value. 

t 

t 

A complete description of system circuit functions is presented 
in Section III and the EMPS252 Drawing Package is presented m 
Appendix I. The block diagram of the DC Power Supply is presented 
on Figure 1. 
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Task III - Development (Model) DC Power Supply Fabrication. 

EMPS252 DC Power Supply Unit No. 1 (Serial No. 26268) was 
fabricated to the configuration of Schematic Drawing No. 513911. 

The DC Power Supply was then tested m accordance with the Accept- 
ance Test Procedure. Test data recorded during the Acceptance 
Test are presented m Appendix II, pages 14 through 16. During 
performance of the Acceptance Test a thermal heat map of Unit 
No. 1 was obtained. The Thermal Test Report is presented in 
Appendix III. After successful completion of the Acceptance 
Test, a 10, 000-hour life test was initiated on Unit No. 1. The 
Life Test is scheduled for completion m September 1970. After 

completion of the 10,000 hour life test, a second 10,000 life 

/ * 

test will be started. At the conclusion of the Life Test a 

Life Test Report will be submitted to NASA-Lewis Project Personnel. 

Task IV - DC Power Supply Fabrication. 

DC Power Supply Units 2, 3, and 4 were fabricated m accordance 
with the drawings presented in Appendix I. The Acceptance Test 
was performed on each of the three units at room ambient con- 
ditions only. These un;rts were then subjected to a 100 hour 
cycling and burn- in test program. Acceptance Test Data record- 
ed for Units 2, 3, and 4 are presented in Appendix II, pages 17 
through 39. 
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II. DESIGN DISCUSSION 

A. Power Supply Function 

The primary function of the DC Power Supply is to supply 
power to the DC bus during all operational conditions. 

In addition, the DC Power Supply recharges its silver cad- 
mium batteries while AC power is available from the Brayton 
alternator. 

The DC Power Supply consists of two identical sections 
(not including logic and control functions) which constitute 
the +28 VDC and -28 VDC supplies. These two sections func- 
tion m concert and simultaneously provide a level of fault 
isolation and redundancy. 

The DC Power Supply system provides numerous telemetry 
outputs for overall system monitoring. These outputs also 
supply four separate control command operations which may 
be generated externally from* the system. Successful sys- 
tem recycling is dependent upon the initiation of one of 
these commands . 

i 

B. Power Supply Design 

The DC Power Supply consists of three individual subsections 
in three interconnected containers as shown on Figure -2. 

The positive and the negative batteries comprise two similar 

> 

battery package subsections. The third subsection is the 
electronics package. All of the Power Supply elements 
except current shunts, thermistors, and batteries are con- 
tained in the electronics package. The physical character- 
istics of the DC Power Supply are presented on the following 
table* 
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FIGURE 2 BRAYTON CYCLE DC POWER SUPPLY BLOCK DIAGRAM 






















DC POWER SUPPLY PHYSICAL CHARACTERISTICS 


POWER SUPPLY 
SUBSECTION 

BASE 

DIMENSION 

(inches) 

HEIGHT 

(inches) 

WEIGHT 

(pounds) 

Battery Package #1 

10 x 10 

10 1/4 

' 140 

Battery Package #2 

10 x 10 

10 1/4 

' 140 

Electronics Package 

20 x 10 

. 4 

^ 30 


i 

TOTAL WEIGHT: 310 pounds 


The following paragraphs describe the elements of the DC Power Supply; 

Logic Circuit : An assembly of voltage comparators and multivi- 

brators (a majority of which are duplicated for the +28 volt and 
-28 volt power units) which control the Power Supply during normal^ 
operating modes, provide external command interfaces, and dictate 
the priority and relationship of the DC Power Supply automatic 
functions . 

Transformer-Rectifier ; Two multiple winding transformers and a 
diode assembly which convert the 208/120 VAC input from' the system 

t 

alternator to ±28 VDC bus power and ± 42 VDC for battery charging. 

Battery Charger : Two very similar series regulator current limited 

circuits — one for the +28 volt battery and one for the -28 volt 
battery. Each charger has two separately controlled sections. Each 
section supplies a 4 ampere charging current (total of four 4 amp 
sections) . 

Battery : A fifty cell silver -cadmium unit with a common center 

point is physically divided into two packages which comprise the +28 
volt and -28 volt batteries. 

Ampere-Hour Meters : Two separate sections which indicate the 

charge state of the +28 volt and -28 volt batteries, respectively, 
and also initiate battery charger action. 

Telemetry : The composite of sense and conditioning circuits 

which sample DC Power Supply parameters and present them in 
standard forta ‘ (0-5 VDC) for remote monitoring. 
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Power Relay : A bxstable latchxng relay, whxch connects the 

DC Power Supply batter xes to or removes them from the DC bus, 
is controlled exther by xnternal logxc or external command. 

The elements descrxbed above are related to one another xn the 
DC Power Supply system as shown xn Fxgure 2. The output of 
the Bray ton alternator (208/120 VAC, 1200 Hz, 30 ) xs fed to 
the trans former -rectxfxer (T-R) where xt xs converted to +28 
VDC and ± 42 VDC.* The ± 28' VDC power xs connected dxrectly 
to the DC Power Supply output termxnals and serves as the 
Brayton System sources of DC power xn the normal mode of 
operatxon. The posxtxve and negatxve 42 VDC power 'xs dxrected 
to the posxtxve and negatxve battery chargers, respect xvely , 
and condxtxons the two twenty-fxve cell AgCd batterxes. The 
T-R has one addxtxonal set of secondary wxndxngs whxch fur- 
nxsh a T-R undervoltage sxgnal to the logxc cxrcuxt. 

The battery chargers for the posxtxve and negatxve batterxes 
are sxmxlar and are hard wxred to thexr assocxated batterxes. 
The posxtxve or negatxve 42 VDC xs serxes regulated by the 
chargers to a level assocxated wxth a fxxed current value and 
the exxstxng battery charge state. Each of the two battery 
charger sectxons xs separately controlled by the logxc cxrcuxt. 
Durxng the charge mode exther battery xs thus charged by an 
8 ampere current wxth both sectxons operatxng; thxs charge 
rate xs reduced to 4 amperes when the chargxng voltage reaches 
a pre-determxned poxnt and one of the charger sectxons xs 
turned off by the logxc. 

A power relay controls the basxc operatxng mode of the DC 
Power Supply. Durxng normal operatxon the posxtxve and nega- 
txve 28 VDC output from the T-R supplxes bus power. If the 
alternator output drops below a pre-selected level (or xf 
the alternator xs shut down) the relay automatxcally connects 
the Power Supply batteries to the bus as an addxtxonal source 
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of power. The same relay also removes the battery from 
the bus after the shutdown cycle, and prevents battery 
dram during these possibly extended periods. The 
power relay is controlled either by internal logic 

t 

or external commands. 

The logic telemetry, and Amp-Hour Meter circuits moni- 
tor and control the internal operations of the DC Power 
Supply and the primary power functions described abo\/e. 

The details of these circuits are explained fully later 
m this report. 

C. System Operation. 

The Brayton Cycle Power Conversion System has five ma^or 

* 

operating modes: Normal Operation, Battery Charging, 

Alternator or Battery Operation, Manual Control, and 
System Shutoff. With the exclusion of the Manual Control 
mode (which is for' emergency operation) the other (four) 
modes are required to complete one full system cycle. 

Each of these- modes is discussed in detail below. Table 
I shows the various logic functions. 

1. Normal Operation 

The normal operation function of the DC Power Supply 
is to receive 120/208 volt, 3 phase, 1200 Hz power 
from the Brayton alternator and convert this to +28 
and -28 volts DC for use m the Brayton PCS. The 
transformer-rectifier combination supplies the +28 
and -28 volts output at currents up to and including 
25 amps for both the positive and negative voltages. 
During normal operation the system battery is in a 
state of full charge and neither of the system's 
battery chargers are in operation. Only the bus moni- 
tor undervoltage circuit must remain functionally active. 
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UNIT 

POSITION 

OPERATING CONDITION 
OR COMMAND 

REMARKS 

POWER 

RELAY 

CLOSED 

1) 5 24V T-R Output 

, 

2) Manual “Close" 

Command 

1) Manual command will override the 
logic by setting of control panel. 

2) There are separate "open" and 
"close" commands. 

3) T-R output sensed by separate 
secondary. 

4 "I Any signal operates both Power 
Supply halves . 

OPEN 

1) c 25V T-R Output 

(with 5 Sec . Delay) 

2) Manual "Open” Command 

BATTERY 

CHARGERS 

(Two 

chargers of 
two sections 
each) ! 

! 

! 

0 

N 

Lower half 
of one 
charqer 

c 

Battery Voltage of 30.0V 

1) Manual command overrides logic. t 

2) There are separate "on" and "off" 
commands . 

3) Battery overtemp overrides other 
automatic logic functions . 

4) Manual commands operate both 
chargers — automatic commands 
operate relevant charger. 

Upper half 
of one 
charqer . 

Battery Voltage of 30.5V 

One 

charger . 

j 

Amp-Hour Meter ^ 90% 

Both 

chargers . 

Manual "On" Command 

0 

F 

F 

« i'i ■-* 

Lower half 
of one 
charqer . 

Battery Voltage of 37.0V 

Upper half 
of one 
charger. 

Battery Voltage of 38.0V 


One 

charger . 

\ 

Battery Temp > 185°F 


Both 

chargers . 

Manual "Off" Command 

V 


TABLE I. LOGIC FUNCTIONS OF THE EMPS252 DC POWER SUPPLY 







The Amp-Hour meters are idle during normal oper- 
ation, as no current is being supplied to, or being 
taken from, the system batteries. The telemetry cir- 
cuits which provide, remotely, the parameters for a 
continuous system check, are functional m all the 
modes. During normal operation of the DC Power Supply, 
a minimum number of the system components are required 
to satisfactorily accomplish the DC Power Supply ob- 
jectives. This condition is significant not only 
from the reliability standpoint, but also from the 
standpoint of heat dissipation. The Normal Operat- 
ing mode will continue indefinitely as long as 1200 Hz 
power is supplied to the unit and if no external con- 
trol is exercised. When the AC input voltage is re- 
duced to a level below a pre-selected point, the 
secondary windings of the transformer will detect a 
bus undervoltage condition. When this undervoltage 

r 

condition reaches the equivalent of 24 volts total, 
the appropriate voltage comparator circuit of the 
logic will energize power relay K1 and connect the 
battery m parallel with the transformer-rectifier 
output, on the DC bus. When the bus voltage reached 
the equivalent of 25 volts, the relay will open and 
cause the transformer-rectifier to supply the full 
load. There is a 5 second delay (a special feature 

i 

of the reset) associated with the opening of the relay. 
This delay is provided to allow the Bray ton alternator, 
at initial start condition, an opportunity to reach an 
operating point where it can supply the required volt- 
age and current. Power relay Kl may be operated manu- 
ally. For manual Kl operation a switch is provided 
on the control panel which overrides the automatic 
control of the relay by the logic power supply circuit 
( and locks the relay m either the ON or OFF position. 
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Manual relay operation is fully discussed m Para- 
graph 4, which describes manual operation of the DC 
Power Supply. 

2. Battery Charging Operation 

The battery charging mode of the DC Power Supply may 
be defined as a supplement to normal operation. In 
this mode of operation the transformer-rectifiers 
are supplying +28 and -28 volts as previously stated. 

The transformers are also supplying +42 and -42 volts 
to the battery chargers through a separate set of 
rectifiers. There .are two battery chargers consist- 
ing of four battery charging circuits. One battery 
charger is for the +28 volt battery and the other bat- 
tery charger is for the -28 volt battery. These four 
circuits are almost identical except for slight vari- 
ances m biasing due to their positive and negative 
placements within the system. Each of these battery 
charging circuits is a series voltage regulator which 
is current limited to 4 amps. The combination of two 
of these circuits in parallel will supply the associ- 
ated battery with maximum charging current of 8 amps. 
Prom the system operation standpoint, the battery 
charging mode starts either when the Amp-Hour meter 
associated with the particular battery indicates a 
charge state below 90% or when the open terminal 

f 

voltage of the battery reaches 30.5 volts. Under the 
first of these conditions the logic circuit associ- 
ated with the specific battery charger will turn on both 
of the 4 amp sections. An 8 amp charging rate will con- 
tinue until the terminal voltage of the battery reaches 
37.0 volts. At this 37 volt point, one of the two 
chargers is turned off reducing the charging current 
to a 4 amp level. This 4 amp level continues until 
the charging terminal voltage of the battery reaches 
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a level of 38.0 volts at which time the logic turns 
off the second of the two charger circuits and the 
battery is assumed to be fully charged. The charging 
operation is accomplished concurrently with the normal 
operation of the transformer-rectifiers supplying bus 
power. Either one or both of the batteries may be 
charged during this mode, depending on their indi- 
vidual charge states. It is during this battery 
charging mode of operation, which obviously requires 
more power for the transformers and alternator, that 
the most demanding heat transfer condition is experi- 
enced. It is also during this operational mode that 
the logic circuits pertaining to battery over-tempera- 
ture and the voltage comparators which sense battery 
terminal voltage commence to function. The battery 
temperature sensors will shut down the associated 
battery chargers if the battery reaches a temperature 
at which continued charging will injure the battery. 

The battery voltage comparators automatically control 

f 

the operation of the battery chargers m shifting 

r 

from an 8 amp charging current to a 4 amp charging 
current and then shutting off the battery charger. 

The battery charging mode may be initiated manually 
as well as through the automatic control circuits. 

The manual control (which is discussed in paragraph 4) 
will over-ride the automatic circuits. The manual 
control command circuits may also be used to initiate 
a charge cycle which will then be controlled automati- 
cally. This function was included within the system 
capability at the request of the battery manufacturer 
as the battery should be jolted to full charge every 
month or two rather than be supplied with a continuous 
trickle charge. If the battery is fully charged when 
the manual control is actuated momentarily, the battery 
chargers will be sequentially turned off within a very 
short period. 
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3. Alternator or Battery Operation Mode 

When the output voltage of the transformer rectifier 
of the DC Power Supply drops below the 24 volt level, 
the system logic will energize power relay Kl and the 
system • ‘battery will be connected m parallel with the 
transformer-rectifier output. In the unlikely event 
of a partial failure of the system alternator, the 
battery and the transformer -rectifier will remain con- 
nected m parallel and each section will supply a por- 
tion of the system DC power requirements. However, it 
is likely that if the voltage from th,e transformer- 
rectifier drops below the 24 volt level, the alternator 

will have been removed as the source of input to the 
power system and the battery will remain connected 
across the output bus to furnish power to the bus 
loads such as in a normal phase of operation during a 
Brayton Cycle System shutdown. During this period, 
the Amp-Hour meters will record the discharge level 
of the batteries. The telemetry and logic circuits 
will be available for system control and monitoring. 
Since relay Kl is a bistable device, this condition 
will exist until either the alternator attains the 
required voltage level during start up or the system 
is being shut down.’ 

4 . Manual Control 

Manual operation of the power relay is required when 
the Power Supply is to be completely shut down, it also 
provides an override function in the event that the 
automatic control circuits fail or if the battery 
must be placed on the bus to accommodate an unusually 
heavy load. 

i 

The configuration of the DC Power Supply operational 
cycle may be changed in the normal method through 
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functioning of the system's automatic controls and 
also by manipulation of the manual override features 
of the DC Power Supply* As stated previously, the 
power relay may be opened or closed manually. This 
manual function will completely override the auto- 
matic control circuits. 

i * 

The battery chargers can also be operated in a manual 
mode. In this case, both of the battery chargers each 
containing, the two 4 amp sections are operated si- 
multaneously. The same is not true when the battery 
chargers are operated automatically by the logic cir-’ 
cults, m which case only the battery requiring a charge 
is serviced by its particular charger and comparator 
circuits. Manual battery charger operation completely 
overrides the automatic circuits of the power system 
and is provided only for emergency use. In the event 
that the logic circuits do not turn on a battery charg- 
er and it is known that the state of charge of the bat- 
tery is low, the manual command can be used to initiate 
such a charge. Through careful ‘monitoring of the tele- 
metry signals,* the battery charger can be turned off 
at the appropriate state of charge. If a battery charg- 
er should continue charging the battery beyond its full 
state of charge condition, or in the case where the 
battery temperature has exceeded its maximum safe charg- 
ing level, the battery charger can be manually turned 
off. 

The manual control function is 1 also provided for another 
purpose. The battery manufacturer requested that a 
method of jolting the battery to full charge be pro- 
vided within , the system, this instead of the trickle 
charge which is often used in similar situations. The 


- 19 - 



time interval between charge jolts has been suggested 
to be between 4 to 8 weeks. It is hot practical to 
include m the logic circuit a timing function to 
automatically turn on the battery chargers from within 
the system at these periods. (Engineered Magnetics 
suggested that the Battery Charger -On manual control 
be used to accomplish this function) . 

When the jolt charge is required, the battery charger 
manual on control is momentarily actuated and the chargers 
of both batteries will start their normal charging operation. 
Once started, this normal charging operation will be turned 
off by the normal (automatic) sequence of operation when the 
charging terminal voltage of the batteries reaches levels 
which indicate a state of full charge. This function has 
the advantage of being able to manually initiate battery * 

charging while not having the fault of possible over- 

► 5 < 

charging the battery due to inadequate monitoring. 

5. Shutdown Mode 

During the Bray ton Cycle System shutdown, the battery 
is supplying power to the inverter coolant pumps and 
other “bus loads. This is a normal mode of operation 
which has previously been discussed in' the battery 

i 

operation section. 

When the system heat is dissipated or distributed, 
the shutdown cycle is completed, and it is desirable 
to have the battery placed on a stand-by condition m 
the event that it will be used in the motor mode of 
starting the Brayton alternator. The battery must 
therefore be disconnected from the bus but must be 
prepared to supply sufficient power to the logic cir- 
cuits to enable the system to be turned on again. A 
manual command is first required to open power relay 
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Kl. Now the battery is removed from the bus and is 
also removed from a position where it will supply 
power to the logic circuits, telemetry circuits, and 
the ampere-hour meters. 

The power activating circuits for power relay Kl are 
connected directly across the battery and provide the 
capability of turning on the system again. The slight 
power loss due to the sense portion of the circuit 
will be less than internal losses m the battery 
during the inactive period and will not significantly 
effect the battery even during a shutdown period of 
several years. 

D. Mechanical Design 

The mechanical design of the EMPS252 DC Power Supply was 
determined m outline form only for Task I of the program. 
The outline characteristics and weight have not changed. 

In Appendix I are the outline drawing and the layout draw- 
ing the unit. The battery drawings were supplied to NASA „ » 
under separate cover. 

The DC Power Supply is contained in three sections. Two 
sections each contain one of the two battery packages. 

The third section contains the electronic components. 

Each of the sections are mounted on heat sinks provided 
by NASA. 

1. Packaging Concept 

The electronic circuit packaging concepts for the DC 
Power Supply shown in Appendix X are based on standard 
techniques which have been used successfully on many 
space power systems. Exceptions to standard approaches 
exist m areas relating to the high reliability and long 
life requirements of the Brayton Cycle Power Conversion 
System. 
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The package configuration is one of low profile and 
large baseplate area. This design incorporates maxi- 
mum heat transfer area to the coldplate, short thermal 
paths to the baseplate, and rigid mounting surfaces for 
the internal electronic components. The mam structural 
member of the unit is an aluminum baseplate. Cover mounting 
flanges, connector support brackets, internal h!eat sink 
brackets, and component mounting brackets are dip braz- 
ed to the baseplate. This method of construction opti- 
mizes weight, thermal, and structural considerations. 

/ 

Weight savings are realized through use of brackets 
fabricated from thin aluminum sheets brazed to the 
baseplate. Arriving at the same configuration using 
machined parts would result m thicker sections and 
unnecessary excess metal m certain areas. In addition, 
machined parts are inherently more costly and time con- 
suming to fabricate and more restrictive of design 
flexibility. 

Thermal performance is enhanced by dip brazed construc- 
tion thus eliminating heat barriers that exist if semi- 
conductor brackets, for instance, are bolted to the 
baseplate instead of being joined by a continuous fay- 
ing surface fusion of metals. 

Structurally, brazed joints offer good resistance to 
fatigue failures during vibratory loading. Relative 
motion, as would occur between bolted joints, is eli- 
mated by brazing the joint. Brazing provides a ductile 
interfacial material that is not brittle or susceptible 
to fatigue cracks that can occur with welding. 

The cover of the container is of formed aluminum 
sheet. It is attached to the base assembly by screws 
to a mounting flange. This type of attachment, with 
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the cover overlapping the flange, provides EMI shield- 
ing and protection from foreign contaminants. 

The' basic approach being established, the detailed 
design considerations were governed by reliability 
and long life requirements. Due to size of the unit 
and nature of components it is not practical to her- 
metically seal the case. Instead, the unit is pro- 
tected from earth associated contaminants such as 

/ 

moisture, salt spray, and sand and dust. Materials 
that out-gas or deteriorate under extended peri'ods 
m hard vacuum are not used. Heavy current carriers 
are terminated at bolt and lug connections rather 

than by ordinary pm and socket connectors. 

\ 

2. Thermal Considerations 

The only mode of heat transfer from the unit is con- 
duction to the coldplate. Temperature gradients between 
the coldplate and unit baseplate are minimized by close- 
ly spaced mounting attachments. The baseplate surface 
in- the vicinity of the mounting attachments is machined 
smooth and flat, m accordance with NASA requirements. 
Only four square inches of base area around each attach- 
ment are, considered as heat transfer area. A ]omt con- 
ductance of 100 Btu/Hr Pt^ °P is assumed for this area. 
The internal components are arranged to distribute the 
heat evenly to minimize thermal path lengths to the heat 
transfer area. The heavy power transformers are mounted 
directly to the baseplate. The lighter windings, power ( 
diodes and charger diodes are mounted on a vertical 
bracket with direct thermal paths to the baseplate. 
Battery charger and power supply components are also 
paths to the baseplate. Series regulator transistors 
are the most critical components from a thermal view- 
point. Special considerations such as indiuin foil in- 
terfacing materials and installation at a favorable 
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coldplate location are required in order to maintain 
their temperatures at a reliable limit. Low level 
circuits are mounted on circuit boards grouped m a 
subassembly. These components do not require special 
treatment or close scrutiny for thermal considerations. 

i 

The power dissipation characteristics of the DC Power 
Supply subsections are presented in the following table. 
Based on the dissipations shown on the table, a heat 
transfer area of 120 square inches and a joint conductance 
of 100 Btu/Hr Ft^ °F, a baseplate thermal profile was 
calculated. Th& maximum baseplate temperature occurs 
immediately under the power transformer. This temperature, 
which is approximately 110°C, allows a gradient of 70°C 
to the transformer rated temperature. The series regu- 
lator transistor junction temperature is approximately 
140°C. This can be decreased to be less than 110°C with 
indium foil mounting on the transistor insulator and a 
location on the coldplate that provides a collant temper- 
ature of 125°F instead of 150-F. For proper derating of 
the transistor,, its temperature should not exceed 110°C 
in this application. The balance of the baseplate is 
within 5°C of the coldplate surface. 


! 

UNIT 

Power 

Dissipation (1 

msma 

Full Load 
Full Charge 

Full Load 
Half Charge 

Full Load 
No Charge 

Transformers 

120 

95 

70 

Power Rectifiers 

25 

25 

25 

Charcrinq Rectifiers 

8 

4 

0 

> Batterv Charqers 

160 

55 

0 

* Loqic and Telemetry 

8 

8 

8 

’ Amp-Hour Meters 

12 

12 

3 

TOTAL 

333 , 

199 

! 106 | 


i 
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III. POWER SUPPLY CIRCUIT DESCRIPTION 
A. Control Logic 

The control logic (shown in two blocks of Figure 2) se- 
lects the rate of charge to the batteries, determines 
whether the batteries are to be connected to the DC bus, and 
determines when the ampere-hour meters are to be reset to 
show that the individual batteries are fully charged. In 
addition to the logic diagram on Figure 3, a table of logic 
functions is provided on Table I. The table presents infor- 
mation on the state of the system for various operating con-' 
ditiohs without tracing through the logic diagram. 

Automatic control inputs to the logic are battery voltage, 
battery state of charge from the ampere-hour meter, battery 
temperature and bus voltage. In addition to the automatic 
control inputs, two manual commands are provided that can 
override all otlier inputs. One manual command turns the charg^ 
ers full on or off, the other manual command closes or opens 
the relay that connects the batteries to the DC bus. The 
logic circuits (except for the circuit that drives the 
relay) are powered from the +28 volt DC bus and not directly 
from the battery. The relay drive circuits are connected 
directly to the battery and require power only during the 
instant that the relay changes state. 

Figure 3 is the block diagram of the control logic. All 
the controlling inputs are shown on the left side of the 
figure and all the controlled outputs on the right side 
of the figure. Amplifier designations and input-output 
tie points are included so that functional areas of sche- 
matic diagram 513911, can be identified. 

Logic operation is normally automatic, with the comparators 
providing an "on" or off" output signal depending upon the 
magnitude and the previous state of the parameter measured. 


- 25 - 




* THIS GATE IS PHYSICALLY IN HIE 

ampere-hour meter reset circuit 


FIGURE 3 


EMPS252 DC POWER SUPPLY CONTROL LOGIC BLOCK DIAGRAM 











Each comparator has a turn on level and lower turn off 
level. The output state of the comparator between the "on" 
level and the "off" level is that of the last level crossed. 

i 

All logic outputs are "on" or "off" states (the chargers 
operating at 0, 4, or 4 + 4 amperes) so the "on" or "off" 
states of the comparators coupled through the appropriate 

gates and time delays shown m Figure 3 are used to control 

' , 

the logic outputs. Besides using the comparator output 
states for control, the output on-to-off transition at the 
90% full charge level of the ampere-hour meter comparators 

is used to start the battery charge. This step is necessary 

#■ 

because the battery voltage at 90% full charge is at almost 
the same level as the battery voltage at full charge, while 

the difference between the upper and lower levels of the 

♦ . 

battery voltage comparators is a much larger voltage. So 

l * 

if charging is stopped at a battery voltage of 38 volts it 
will normally not start charging until the battery voltage 
drops to approximately 30 volts unless the charge is started 
by using the on-to-off transition of the ampere-hour meter 
comparator to momentarily reset the battery voltage com- 
parators back to start at 0 volts. This condition forces 

* f * * i ? 1 

the battery voltage comparator output state between the 
higher and lower sensing levels to be that of the lower 
sensing level allowing charge to continue until maximum 
battery voltage is^ reached. The only other logic function 

, f 

is the 5 second time delay that delays removal of the 
battery from the bus. 

To understand the relationship of the logic functions shown 
in the block diagram, Figure 3, and schematic drawing 512911, 
first it is noted that the actual mechanization of some logic 
blocks can be combined into one logic circuit element and the 
logic functions may be accomplished with more logic blocks 

than those shown. However, all of the comparators and con- 

* 

nection points shown m the block diagram are identical to 
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those on the schematic. In addition, many of the circuits 
can be associated with single logic blocks. 

Since most of the logic functions are performed with tran- 
sistors that are either "on or "off" or with simple diode 
OR gates, the detailed circuit description of the logic will 
be confined to the comparators, one shots, flip flops, time 
delay, and relay drivers. Power for the logic circuits is 
supplied from a series regulator operating from the +28 volt 
DC bus and froma a Zener diode shunt regulator operating from 
th -28 volt DC bus. 

Comparators : The nine integrated circuit comparators are 

Fairchild type [XA710, which have inverting and non-inverting 
input terminals. A voltage proportional to the controlling 
parameter is applied to either the inverting or non- inverting 
input and a reference voltage is connected to the opposite 

input. Adjustable hysteresis is obtained by connecting a 

> 

selected- in-test resistor from* the comparator output to the 

non- inverting comparator input. When the comparator turns 

) 

on, the voltage level at the non-inverting input is raised. 

This addition of some of the output current to the input 
signal results in lowering the signal voltage to the level 
at which the comparator will turn off. Once the comparator 
turns off, however, the turn-on level is restored to the 
previous, higher voltage state. 

/ 

One Shots : All of the one shots used m the logic circuits, 

capacitor couple the off-to-on transition of a comparator 
(or transistor switch) through a series connected resistor 
and capacitor to the base of another transistor. The time 
constant of the series connected resistor-capacitor is ap- 
proximately the duration of the resulting pulse. 
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♦Time Delay: Whenever the battery is to be disconnected from 

the 28 volt DC Bus, a 5 second time delay is initiated and the 
battery is disconnected. The time delay period is the time re- 
quired to charge C2 through R14, (see schematic 513911) until 
the base-emitter junction of Q7 starts to conduct. 

> 

The time delay is started by turning off Q8. The firing of Q7 
momentarily turns on Q6 which resets bistable flip flop FFl to 
the reset state where output pm 9 is m the on state and out- 
put pin 6 is in the off state. FFl's transition is then 
coupled through Cl and R7 to momentarily turn on the appropriate 
relay drivers. 

FFl is placed m the set state (output pin 9 is off and out- 
put pm 6 is on) by .giving - the "connect battery" relay manual 
command at initial system turn on or by the bus voltage drop- 
ping below 24 volts.. Setting of FFl is accomplished by the 
turning on of Q5 when comparator Al is turned on by a low bus 
voltage or by a momentary - ground command to close the relay. 

FFl also performs additional functions. When FFl is in the 
reset state (output pm 9 is on and comparator Al is off) the 
time delay is prevented from oscillating by the signal from 

i 

FFl, pm 9 through CR9 because Q8 is then held on thus shorting 
out time delay capacitor C2. 

The output of pm 6 of FFl through its relay drivers connects 
the battery to the bus in the same way that the output of pm 9 

a 

disconnects the battery from the bus. 

Relay Drivers: The relay drivers provide the momentary 28 volt 

signal used to change the state of the relay. The two relay 
drivers are the combination of Q3 and Q4 and the combination of 
Q9 and Q10. The relay drivers are simply Darlington connect- 
ed transistors (DC current gain ^slOOO) m series with the bat- 
tery and relay coils. Momentary base current for turn-on is 
provided through the series coupling capacitors from the change 

in state of FFl. 
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When combined, the corresponding windings of the two 
transformers are 30° out of phase, and form a system 

circuit having a 12 phase secondary: 

1 ( 

PRIMARY SECONDARY 




By connecting each secondary winding to rectifier anodes 
and connecting the rectifier cathodes to the positive 
terminals, a 12 phase, half wave transformer- rectifier 
circuit with a negative common is obtained. (See diagram 

i ' * 

below.) The DC output will have a theoretical 12 phase 
ripple of 3.41% peak-to-peak amplitude. The major dis- 
advantage of this circuit is that each rectifier carries 
the full load for 1/12 of the cycle, or 30 . Only one 
rectifier, the one with the highest voltage, conducts 
at any given time. As soon as the voltage of one rect- 
ifier becomes highest, all other rectifiers are back 
* * 

biased and 'stop conducting until .the next rectifier m 

* 

sequence conducts for 1/12 of a cycle. This individual 
load carrying characteristic subjects each rectifier and 
transformer winding to high peak currents which are also 

* i — 

reflected into the power source. 

The following diagram shows 2 transformers, one with a Wye 

t % 

and one with a Delta primary, and both transformers with 
' two 3 phase Wye half wave rectifier secondaries connected 
60° out of phase.' 


-3L 



12 PHASE OUTPUT TRANSFORMER CIRCUIT 




Each of the four 3 phase Wye secondary half wave rectifiers 
will have a wave shape of the following configuration* 
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In a circuit with three mterphase transformers, (T3, 

T4 and T5) , s the conduction time of each rectifier 
increases from 30° to 120° which causes the conduction 
time of the four half wave rectifiers to overlap and 
each will conduct 1/4 of the load simultaneously, drawing 
current from four primary, and four 'secondary windings, and 
reducing internal impedance by 4. 

i 

In the above waveform, rectifier a conducts 120° from 0 to 1. 
Rectifier b assumes the load and rectifier a is bach biased. 
At point 2 rectifier c assumes the load, and b is back 
biased'. 

r 

With independent loads, the SEC 2 wave shape is the same 
as SEC 1 except it is shifted 60° (broken line) . Without 
an mterphase transformer and with a single load applied 
at points +1 and +2 (reference transformer diagram) , or with 
points +1 and +2 connected together, the interference between 
SEC l>and SEC 2 will limit conduction time to 60°. The 
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interference zone is indicated by the shaded area of the 
waveform illustration * 

By connecting point +1 to point +2 through interphase 
transformer T3, which is a center tapped autotransformer, 
a peak-to-peak triangular shaped voltage of js = 1/2 E, 
at three times the fundamental frequency is developed. 


H (+) 



When the potential of the 1 0a diode is higher than the 
potential of the 0c diode, I flows from +1 to + and the 
voltage developed across +1 and +2 is such that +1 is 
negative (-) and +2 is positive (+) . This condition 

, i 

raises the level at the 0c diode and lowers the level at 
the 0a diode. The amplitude of the 0c voltage is raised 
and the potential of the two rectifiers are equal, causing 
them to conduct simultaneously every_120° with half of the 
load current carried by each rectifier. 

In the transformer circuit, the 12 phase output is 

t 

obtained by using two 6 phase circuits with mterphase 
connections (T3 and T4) . The two circuits are connected 
together by a third interphase transformer (T5) . The voltage 
across transformer T5 is e^ = .14E, with a frequency that 
is six times the fundamental with the two sets of six phases 
overlapping . 

The diode cathodes, connected to the secondary winding, also 
attain the negative to ground output. Each negative diode 
conducts 180° out of phase with the positive diode and a 
sine wave is produced. 
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In the final circuit design shown in Appendix I, taps 
4 and 7 of transformers T301 and T302 are connected to 
interphase transformer T306. Transformer T306 with the 
associated rectifier circuit provides the +40 VDC to the 
battery charger. Taps 4 and 7 of T301 and T302 are connected 
to mterphase transformer T307 to obtain the -40 VDC for the 
battery charger. 

Taps 3 and 8 of T301 and T302 are connected to T304 to 
obtain +28 VDC output. Taps 3 and 8 of T301 and T302 
connected to T305 produce a -28VDC. The positive and 
negative 28 VDC is the power supplied to the system bus . 

Input power waveform distortion is maintained at a very 
low level by the continuous conduction of the primary 
windings . 

Through the use of two transformers (i.e. ,T3 01 and T302^ , 
redundancy is obtained. In the event of a failure of one 
transformer, fuses will remove it from the circuit and the 
other transformer remains on the line.' The remaining trans- 
former will supply full output power, although the output 
ripple will be increased and the efficiency will be lower. 

Battery Charger 

The positive and negative 40 VDC battery chargers each 
contain two charging regulators. At battery , full charge 
conditions, all four regulators are maintained at the off 
condition by a 1 volt signal applied to the individual turn 
on-turn off regulator control transistor circuits. For the 
positive 8 ampere charger output, two positive charging 
regulators are connected to charge the battery by the appli- 
cation of a zero volt signal to their control transistors. 

By applying the 1 volt turn off signal to one regulator control 
transistor and the zero volt signal to the other regulator 
control' transistor, the 4 ampere charge mode is obtained. 
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When the 1 volt signal is applied, simultaneously, to the 
two regulator control transistors, the no-charge (charger 
off) mode is obtained. The negative charger regulator 
circuits are on or off as controlled by signals to the two 
negative regulator control transistors. 

The positive charge voltage is obtained from tap 5 of T306. 

Th§ negative charge voltage is obtained from tap 5 of T307 . * 

i 

Positive Charger Section Is When the positive battery 
package is being charged at the 4 ampere rate, one positive 
regulator is on and one positive regulator is off. The 
charging current is high and the voltage to control transistor 
Q309 is zero, holding Q309 off. The parallel connected 
.sensing circuit resistors R301 and R304 carry the full 4 
amp charge current. Resistor R305 and Zener diode CR360 
are the current limiting circuit. The voltage divider 
R302 and R305 provides the reference voltage comparison 
between the base voltage of Q309 and the positive 40 VDC. 

When the voltage 'across current measuring resistors R301 
and R304 reaches the level determined by Q300, R303, R302 
* and CR360, the circuit operates as a current regulator. 

When the voltage at Q309 switches to 1 volt, Q309 is satu- 
rated switching off Q304, Q303, and Q302, thus switching to 
the charger off condition. 

Positive Charger Section 2: The second 4 ampere regulator 

functions through its respective circuits m the same sequence 
as the first 4 ampere section. The control transistor is 
Q310. CR363 and R306 are the current limiting circuit, and 

the voltage across CR362 is divided by R306 and R311. The 
second current regulator circuit is hence Q323, R33,2, R311, 
CR362, Q310, Q308, Q307, Q306. 
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Negative charger Section 1* The zero volt signal applied 
to control transistor Q316 holds Q316 and Q312 off and the 
4 ampere charge current is applied to the negative battery 
package. The current limiting circuit consists of diode 
CR366, Zener diode CR364 and resistor R320. The sum of 
the BVe of Q311, Q313, and Q314, plus the voltage of R323 
is held constant by the current limiting circuit. When 
the voltage across R323 and R329 reaches the level determined 
by Q314, Q315, Q313, Q311, CR364, and CR366, the circuit 
operates as a constant current regulator. 

The 1 volt charger off signal saturates Q316 turning on 
Q312, shorting out the CR366 and CR364, and the voltage 
of the current limiting circuit becomes zero. 

Negative Charger Section 2: This 4 ampere charging section 

functions through its respective components in the same 
manner as described for the first negative 4 ampere section. 



C. Ampere-Hour Meter 

The basic function of the two ampere-hour meters is to 
integrate current flowing m the battery This measure 
of integrated current or charge is then stored for read- 
out as a voltage that is directly proportional to the charge 
m the battery The block diagram on Figure 4 illustrates 
the principal functional elements of the ampere-hour meter. 
The ampere-hour meter uses the shunt method of current 
detection and a readout that is a bi-directional stepping 
motor coupled to a potentiometer. Power is supplied to ttje 
ampere-hour meters either from the 28 volt DC bus or from 
the battery when the system gas bottle heaters are operating . 

For simplicity, the power supply connections are omitted 

* < 

from the block diagram. The millivolt signal from the shunt 
is applied at the input of the ampere-hour meter circuit. 

In essence, it looks directly at an R/c charge circuit. 

The capacitor of the R/C charge circuit is periodically 
pulled down to a negative voltage by the feedback path each 
time the input capacitor voltage reaches zero volts . The 
time it takes the voltage across this capacitor to return 
to zero is a function of the R/c time constant and the 
voltage appearing across the shunt which is proportional 
to the charge or discharge current. From this information 
it can be seen that the frequency of this sawtooth waveshape 
appearing across the R/c charge circuit will vary. If a 
memory of the total number of pulses during any charge or 
discharge cycle is maintained, the total current to or from 
the battery is integrated with respect to time. As the 
voltage across this capacitor rises to a predetermined 
point, it is necessary to detect the level in some manner. 

t 

With this integrator, this point is selected to be zero 
volts rather than some other level for several reasons .' 
First, and perhaps the most important reason, zero detectors 
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AMPERE-HOUR METER BLOCK DIAGRAM 










are inherently more accurate devices than are other types 
of level detectors, such as Schmitt trigger, unijunction, 
or SCR devices. In addition, resetting poses no difficulty 
and zero detectors can operate from an extremely low level 
signal. 

The trigger portion of the circuit is simply an actuator 

« 

of the feedback signal which "discharges" the input capacitor 
to a negative voltage. The number of pulses is sensed at 
the feedback point. Each pulse registers on a flip-flop 
which changes state on each successive pulse. The output 
of this flip-flop is conditioned by three cascaded flip- 
flops, each dividing the number of pulses by 2, and a 
Darlington connected buffer circuit which drives the stepper 
motor. After every 8th pulse the stepper motor rotates 
another increment. It is this device that provides the 
memory and accomplishes the integrating. The readout is 
simply a state-of-charge indicating potentiometer driven I 
directly by the stepper motor. 

In order to eliminate cumulative errors, the ampere-hour 
meter memory is reset when the battery is fully charged 
as indicated by the battery voltage comparator. The ampere- 
hour meter reset function is performed by a unijunction 
oscillator coupled through an "OR" gate to the stepper 
motor . 

A basic schematic for the ampere-hour meter is pre- 
sented on Figure 5. With the exception of the power 
supply, each of the functional elements of this cir- 
cuit corresponds to the block "diagram. The purpose of 
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having the two identical channels shown on the schematic, 
is to allow integration of both charge and discharge battery- 
current. Because of its secondary importance, the power 
supply will be discussed last? although it would appear 
from the schematic to be first m line 

/ 

The input signal is derived from 4 the current shunt m the 
battery bus line. This signal is m the order of a very' 
few millivolts and is directly proportional to the charge 
or discharge current of the battery. The polarity of the 
signal determines which channel is activated. While one 
channel is integrating, the other one does not operate since 
it is designed to operate with a signal of the opposite 
polarity. 

The R/C charge circuit is composed of resistors R204 and 
R205,and capacitor C205. The resistor arrangement m the 
R/C charge circuit is incorporated to allow for the cali- 
bration of each instrument. This adjustment is necessary 

♦ 

to get maximum accuracy. As shunt voltage is applied to 

T * * 

the R/C charge circuit, the voltage across capacitor C205 
will begin to rise at a rate determined by the R/C time 
constant. The voltage across the capacitor is applied 
directly to the input terminals of the integrated circuit 
amplifier, A201. This amplifier is connected to operate 
as a zero detector. The voltage divider arrangements, 
resistors R206 through R209, provide the necessary offset 
adjustment shown xn the block diagram. It is in this network 
that final resistance values are determined during production 
testing. 
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After Q205 fires, the change of voltage in C209 will ( be 

AV C209 = V FWD SCR 0205 - V zener 
2 

and, neglectxng 1 R losses, the corresponding voltage change 
on C205 will be 

AV C205 = (V ™d SCR 0205 - V Zener + V #MD CR211 > c2offc209 

If C209 <C205 
Then, 

AV C205 - (V FWD SCR 0205 " V zener + W R211 > — |§§§ 

In general, 

T 

Q = CV = J"i dt 
0 

So during reset, 

Q C205 = c205 < V FWD SCR 0205 7 V zener + v m) CR211)^20|_ 
and after reset 


J x in dt = C209 (V^SCR Q205 - + V^CMll) 

Assuming I is approximately constant. 


'in R. 


then. 


T = C209 (V„_SCR 0205 - V„ + V„^CR211) 
R v FWD Zener FWD ' 

xn 


from which. 


0209 (V FWD SCR 0205 - v zener + V PWD CR2U > 
in 


As shown by equation 9, the frequency of the ripple voltage 
on the r/c charge circuit is proportional to the input voltage 
and several other parameters Which remain constant and is 
independent of the value of C205. These constants are the 
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only sources of error in the system, 'it is, therefore, 
necessary to direct particular attention to the stability 
of these components . * If extreme accuracy were required 
it would be necessary to temperature compensate for 
SCR Q205 and V_ 7T . CR211 voltage changes. 

As the feedback storage capacitor C209 is cycling at the 
frequency of the input ripple voltage, by AC coupling this 
device through C210 to the integrated circuit flip-flops 

each successive pulse registers a distinct change of state. 

/ 

Each output channel of the flip-flops is coupled to the 
Darlington buffer circuits. 

The output of the buffer circuits appears m the form of 
a pulse. These pulses are used to sequence the stepper 
motor. Each successive pulse appears on alternate channels. 
Regardless of which channel produces the pulse, the stepper 
motor is sequenced another increment. With this action, 
accurate integration is accomplished. 

The 'DC Power Supply furnishes all of the bias voltages requited 
for the integrator. The power supply itself is simple. It 
comprises an input series regulator and a magnetically coupled 
DC converter to perform the DC to AC conversion. The AC 
output of the converter is full wave rectified to provide 
the appropriate DC output voltages. 

D. Telemetry 

The DC Power System telemetry provides standard 0 to 5 volt 
analog signals to measure temperatures, voltages, * currents 
and battery states of charge. The telemetry is designed so 
that a short circuit or open circuit of any of the telemetry 
outputs will not disable any of the main system functions. 

The output load for the telemetry should be greater than 
100,600 ohms, (1 megohm is standard)' for good accuracy. 
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Battery State of C harge Telemetry 

Battery state of charge is taken directly from the ampere- 
hour meter potentiometer readout through a series failsafe 
isolation resistor. State of charge is directly propor- 
tional to telemetry voltage. 

Voltage Telemetry 

Voltage sensors are simply voltage dividers composed of 
resistors with better than ± 100 parts per million per degree 
centigrade temperature coefficients. , 

Tem pe rature Tel emetry 

Battery temperature is sensed by internal thermistors that 
are part of a simple resistor voltage divider network supplied 
from a reference Zener diode. The temperature versus voltage 
characteristic is non-1 inear so temperature versus output 
voltar calibration curves are necessary for each channel. 

Current Telemetry, 

Current transductors are used to measure the current in the 
+ 28 volt bus and in the -28 volt bus and the currents into 
or out of the batteries. 

Each of the four transductors is supplied from a separate 
DC to AC converter that is fused so that failure of any one 
converter will not damage the system and will not destroy 
all of the current monitors. The 28 volt bus current range 
is from 0 to 50 amperes and the battery monitor current range 
is from -10 amperes to + 40 amperes. Charge current is con-’ 
sidered negative. 

E. Power Relay 

The power relay functions to connect or disconnect the batteries 
from <the positive and negative 28 VDC buses. This bistable 
latching type relay is energized by a pulse supplied by the 
logic circuits. In addition to the bus contacts, the relay has 
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two sets of contacts used for signaling the position of the 
relay. One set of contacts closes to provide a relay position 
indication signal when the bus “relay contacts are closed. The 
other set of contacts closes to provide a relay position indi- 
cation signal when the bus relay contacts are open. 

P. Battery System 

The battery system for the EMPS252 DC Power Supply is com- 
posed of two identical canisters , each of which contains 
twenty-five sealed silver-cadmium cells, two thermistors and 
current measuring shunt. These units function as the + 28V 
and - 28V battened within the system. The batteries are 
rechargeable and provide output bus backup capability as 
well as required energy for start-up and shutdown of the 
Bray ton System. 

The cells within the batteries are Yardney type YS-85 (S) 
cells and have a nominal power rating o£ 85 ampere-hours. 

Each cell was epoxy sealed after test and no preventive 
maintenance is required. 

The thermistors used in each canister are Gulton Model 
35TD25 devices. The units are attached to the center 
cell within the 5x5 battery matrix. One thermistor is 
provided as a telemetry output, the other thermistor in- 
dicates battery temperature to the DC Power Supply in- 
ternal logic. 

Each battery canister also contains an Empro type A-50-100 
current shunt m the negative leg of the circuit. The 
voltage signal from this shunt is directed to the appro- 
priate ampere-hour meter within the DC Power Supply logic 
which indicates at all times the state-of-charge of the 
associated battery. 
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IV. RELIABILITY 


Reliability Estimate. 

The following reliability estimate for the DC Power Supply is 
based on the total electrical component parts count and utilizes 
component part failure rates and other estimating techniques as 
outlined in the Engineered Magnetics Reliability Handbook. As 
substantial circuit changes have occurred since the previous 
Reliability Estimate was submitted to NASA, this Reliability 
Estimate updates that report as a final submittal. 

Certain basic assumptions were used in the preparation of this 
Reliability estimate and are defined as follows: 

1. No workmanship errors exist m the assembling of the 
components into a complete unit at EMD to contribute 
to a system failure (i.e. special controls and 
procedures were devised to eliminate this failure 
mode) . 

2. Failure of any part used in the calculation will 
constitute a system failure. 

3. Ambient temperature is 40°C. 

4. All component parts are used with proper deratings 
at the maximum temperature and load condition (s) . 

The MTBF is calculated by using the reciprocal of the summation 
of the individual component part failure rates, i.e., 

MTBF =* 1 

ZXl 

« 

Where : U= failure rate of individual component part. 

The MTBF for the DC Power Supply is 62,464 hours. The reliability 
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of the individual sections was calculated and the failure rate 

Q 

(failures/10 nours) for the section was determined. The sum- 
mation of these sections was accomplished as indicated in the 

i 

following: 

£ A s * A ps + A +42 + A -42 + A L + A AH 
+ At + A B + Apr 


where: 


A PS 

A+42 

A -42 


Al 

A AH 

At 

Ab 

Apr 


= failure rate of the section 

i 

=s failure' rate of Power Supply 
= failure rate of +42V Regulator 
= failure rate of -42V Regulator 

V 

— failure rate of Logic 

/ 

I 

= failure rate of Ampere-Hour meter 

= failure rate of Telemetry 

/ 

=» failure rate of Battery 
=* failure rate of Power Relay 


- 48 - 



ZAs = 150 + 119 * 82 + H3.81 + 387.64 + 492.60 

+ 197.04 + 100 + 40 

» 1600.91 faxlures/10 8 hours 

The MTBF xs 

MTBF = 10 8 hours 

1600.91 

a 62,464 hours 


- 49 - 



V. TEST PLAN 

Development Test 

Circuit operation tests were conducted on the engineering bread- 
boards of the A-H Meter, logic, battery charger/ and telemetry 
functions to determine proper circuit operation, circuit stabil- 
ity and to verify set points and biasing. Tests were conducted 
on the first unit transformer-rectifier to confirm functional 
characteristics and operation. 

Battery Characteristics: These tests function to confirm the 

charge, discharge, and steady state characteristics of the bat- 
tery assembly. 

Operation: Tests were conducted on the assembled Power Supplies 

(including battery) to determine integration problems, unstable 
modes of operation or mismatches m circuit set points and bias- 
ing. The functioning of the manual commands and power relay was 
also checked at this time. 

DC Power Supply Characteristics: The first assembled DC Power 

* 

Supply unit was tested to determine functional characteristics. 
During these tests the steady state-power quality and output 
transients due to input power variations (including operation of 
the power relay) were measured and sample measurements obtained 
are to confirm the assumed reliability stress levels. 

Thermal Test 

Thermal map measurements determine the internal and interface 
heat transfer characteristics of the system electronic package 
of the first deliverable system after completion of other func- 
tional tests. These tests function to confirm the thermal analy 
sis and locate critical component temperature levels. See Ap- 
pendix III for the Thermal Test Report. 

Acceptance Test 

Engineered Magnetics Test Procedure for EMPS252 Bray ton Cycle 
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DC Power System (EMD Procedure No. 713331) presented xn Appendxx 
II, xs the Acceptance Test Procedure for the DC Power Supply. The 
Acceptance Test, functxonal in nature, was performed to assure cxr- 
cuxt operatxon. 

Lxfe Test 

At the completxon of the operatxonal tests of Unxt No. 1, a 50 dycle, 
10,000 hour endurance test (Lxfe Test) was xnxtxated. When thxs test 
xs completed, another 10,000 hour, 75 cycle lxfe test wxll be performed 
usxng battery sxmulators xnstead of actual batter xes. A specxal secur- 
ed area was establxshed for the purpose of preservxng the test. Thxs 
area xs xmmedxately adjacent to the xnstallatxon locatxon of the 
1200-cycle, four-wxre, three-phase, extended-lxfe motor generator 
set, whxch was purchased under the contract specxfxcally' for the 
lxfe test. The equxpment wxthxn the secured test area are: 

1. The DC Power Supply 

2. Battery canxsters 1A and IB 

3. Motor generator control panel 

4. Power Supply load bank 

5. Two Rustrak, dual-channel, Tymeshare recorders 

whxch contxnuously record the followxng system para- 
meters: posxtxve and negatxve output voltages, posx- 

txve and negatxve output current, posxtxve and negatxve 

/ 

battery termxnal voltages, posxtxve and negatxve battery 
current (bx-dxrectxonal) 

6. Ventxlatxon equxpment for system loads and test equxpment 

7. Overload and battery protectxon cxrcuxts, and 

8. Test faxlure alarm system. 

Sxnce xts xnxtxatxon, the Lxfe Test has proceeded contxnuously, 
on a 24-hour-a-day bxasxs (except for several equxpment malfunc- 
txons and two commercxal power xnterruptxons) . Monxtorxng by 
the Rustrak recorders'-' xs contxnuous. Operatxonal txme xs re- 
corded from the operatxng hoursmeter of the motor generator con- 
trol panel which xs directly related to the number of hours the 
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DC Power Supply has been under test. 


Except when an operational cycle is run, monitoring of the test 
setup takes place on a daily basis. Protective circuits associ- 
ated with the motor generator, the input fusing to the unit under 
test, and the external protective circuits which will remove a 

badly discharged battery from the test setup loads insure that a 

\ 

malfunction will not cause permanent equipment damage between 
monitoring periods. When a test cycle is to be performed, the 
unit is manually sequenced through battery loading during the 
beginning of a normal day shift. The unit is then set to perform 
the automatic battery charging operation and is monitored at ap- 
proximately one hour intervals. A provision is made so that ad- 
ditional monitoring at the same periods takes place during the 
second shift. To date, the Life Test has continued satisfactorily. 
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VI. CONCLUSIONS 

Design and development of the DC Power Supply (EMPS252) were 
satisfactorily completed by the Engineered Magnetics Division 
of Gulton Industries, Inc., and the four fabricated DC Power 
Supplies (with the exception of the batteries) met or exceed- 
ed the purchase specification for the unit with no deviations 

or waivers required. System testing of the DC Power Supply, 

/ 

as a part of the Brayton Cycle Power Conversion System program 
at the NASA Lewis Research Center and its Plumbrook facility, 
has demonstrated the compatibility of the DC Power Supply with 
other Brayton Engine components. The life testing presently 
being conducted at the Gulton, Hawthorne, California facility 
also demonstrates that the DC Power Supply meets its required 
performance goals. 

High reliability components were used m the fabrication of 
the DC Power Supply units of this contract, to support the de- 
velopmental philosophy of the entire Brayton Program. Provision 

was made, however, for upgrading the MTBF of the DC' Power Supply 

* 

by using m its design only components which can be replaced 
by Ultra-High Reliability parts such as JANTX parts. -Such 
units, which can be fabricated by the simple expedient of sub- 
stituting the Ultra-High Reliability parts upon a part-for-part 
basis m the present design, will considerably enhance the MTBF 
of the DC Power Supply. Since the present units meet the pro- 
jected life requirements for an unattended Brayton Power System, 
the improved unit can exceed the projected requirements. 

A considerable amount of redundancy or component failure toler- 
ance was designed into the DC Power Supply, particularly m its 
transformer-rectifier power conversion section. This section, 
which accomplishes the primary work of the DC Power Supply by 
converting the 208 volt, 3 phase, 1200 Hz, AC power into posi- 
tive and negative 28 volt DC power can Withstand the loss of 
one of its two power transformers and approximately half of its 
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rectif ication elements and still deliver full rated output power, 
although at a somewhat decreased efficiency and higher rippjLe 
level. The control and logic sections of the DC Power Supply 
also provide, wherever possible, several alternate channels of 
control or backup logic modes. The Power Supply, which was de- 

t 

signed for unattended space use of long duration, is completely 
satisfactory in its present configuration for its intended final 
mission use. 

✓ 

The DC Power Supply Program was thoroughly planned and conducted 
with a minimum of design and development work. While this ap- 
proach proved to be quite successful, it did not provide the 
usual number of opportunities between breadboards, prototypes, 
and qualification units to incorporate design changes as such 
improvements presented themselves. The DC Power Supply's 
present configuration with the exception of the battery meets or 
exceeds all the requirements of its purchase specification, but a 
review of the overall program indicates four areas for further 
consideration in regard to modifications of future DC Power Supply 
designs. 


1. The Power Supply control circuits were changed 
several times during the program to match slight 
modifications m the overall system control 
philosophy. Due to the program schedule, these 
Ghanges were usually additions or modifications 
to the existing circuits. A review of the final 
control circuits, as compared with the latest system 
requirements, may result m some design simpli- 
fication. 

2. The charge scheme used in the presently configured 
Power Supply, including the use of ampere-hour 
meters for indication and control, should be re- 
viewed for compatibility with other types of bat- 
teries (such as silver-zinc) . In addition, Gulton 

t 9 
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has developed and tested a circuit which charges 
batteries by a pulse demand method. This circuit, 
developed after the design of the DC Power Supply 
was completed, provides a method for improving 
the battery charging and battery charge control 
portions of the presently configured Power Supply, 
and has the additional capability of battery con-^ 
ditioning. A trade-off study of these possibilities 
should be undertaken before fabrication of future 
DC Power Supplies of this type. 

3. The thermal heat map measurements has indicated the 
possibility of several improvements of the heat paths 
within the Power Supply. Improved reliability and 
optimization of these heat paths to "obtain" a more 
even distribution of the heat generated within the 
Power Supply can be accomplished by performing several 
simple physical design modifications to the Power 
Supply . 

4. The state-of-the-art m Silver Cadmium batteries was 
not compatible with the five (5) year life objective 
of the Brayton program. Additional work is necessary i 
to acquire a battery which can meet this five (5) 
year life requirement in the anticipated Brayton 
environment . 
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APPENDIX I 


DRAWING PACKAGE 


1« List of Material LM 513260 

2. Outline and Specification 413249 

3. Schematic Diagram 513911 

4. Pinal Assembly Drawing 513260 
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SIZE CODE IDENT NO 

A HA^HO LM 5\3£EO 




A 06509 


SCALE 


SHEET & 













































PART NUMBER 


ASSY 

LEVEL 

\ 2 3 4 S 6 


DESCRIPTION, 

SYM, SPEC, CODE IDENT NO 




RM&SC 



RU55C 



res* 


S-.t.T. )0 K TOCpO' 


M1L-R- 1 OSO^/I 


RF3 RII& ‘S- <*T. ‘ 


& SOKTOIOOK 



RLiS&C 



M39005/0I-S! \Q? 



M^C03/OI-2043 


RGB Rll9 s.l.T. 


Q* e.^KTD2^4K 


M IL- R- 1 050*$/ 7 


CAR Clt -17/19 MllsGs^OCSOI 7 


CCSR13G IOSKL) 


CAP CIS* MILC3R003/01 


csR\3E.225Ki- 



M3^005/0I-EI3 



l 00 34- WYL 


I00 3e>-DAP 


emocv^\^t\osm 


-413C7C- 


CSR13Q 186 1<L 


TRAVJSlPAT> TflE M\LTOKJ ROSS CO 12. 


TRaskjsip&P the kmltoo ross co 3 


CAP C.ZI,28 gM7tV4i( 2- — | 

COMP TB'3 t 



41^2:75 -3- 



BTO "RLAvLlK 


TER 


stamdopf 


LERCO 14 3 


CAM£>IOKj | <& 



U3ISS3I5IX 


FLIP FLOP FFI FAlRCMILD 



SIZE CODE IDENT NO 



A 06509 INI 5 \3CCO 


SHEET ^ 
















































ITEM 


240 


PART NUMBER 




ASSY 

LEVEL 

1 23456 


DESCRIPTION, 

SYM, SPEC, CODE IDENT NO 



2S0.E.MTB5S 


EM7S45I 

IIHII 

TSTR Q5 SOUTROKJ 

d 

EM7“5458 

iihii 

TSTR Q 7 G.E 


EMT47CXo 

IIHII 

TSTR. Q5,Co,S ) l6-2Z, R4sVTHEOM 

m 


AFIK104S 







tM7^430-l 


<3t-Z-S3 — 3Cua. 


RC070F43IJ 


270 |RC2 O S F30ZJ 


RUB5C.SIRIF 


RU55C2740F 


RU55C(WOF 


275 




DIODE. CRE^ ( &-lijl4 


I G-ZZ*ZA-Z6? 


33-33 3,5 


MIL .- 5 - 1 0500/240 


DIO DE > 7 EK)ER £R7, 


MlL-S-D500/\27 


lOOB.zesjeR CR23 


MlU-S-D500/(27 


DIODE CRZ7 TRW 


R.B3 R 03 


RES Rll 


REE R37 


DAue 


M!L-R‘I t 


MlbR-l 



L3lZS> 


RES RS7 


gee m il-r- 1050 ^/ 7 . 



SIZE CODE IDENT NO 

A 06509 


LM E>l5ZCoO 


SCALE 




REV A 


SHEET | O 














































RK4&3 C3322.F 


*2tvJ55C4&4 l F 


gkJ«=>.3C.<S=>e> ISP 


RS3 2& Z I 


RES RSO 


gES> TR^o, 55 



IRKJB5C 



gee “R-4^ S.l “ 


^ lOO-TiTTO I 



geS R5£i£>7 S.f.T 
^ 6KTOZOK 



gee Q43,/ E»D,© I 



,ES gTZ. s.i.t: 


= ZDKTO IO 



SIZE ICODE IDENT NO 


06509 


REV A 


M I L - E - 1 0509/7 


5\?>Z(dO 


SHEET j 1 
















































ITEM 


sic. 


PART HUMBER 


ASSY 

LEVEL 

2 3 4 5 6 


DESCRIPTION, 

SYM, SPEC, CODE IDENT NO 




RK1B5C F 



SZO\ MSeoCB/OI-ei \<o 


M3^)003/0 1 -DOB 


MB50O3/O I-2J39 



I OOB4-^Vt 


\ 0038 -DAP 


3^0, EMOCVVCOlBTlOB M 





SSO'GX 74 




^ SOC'iLTOSSK 


MlL-R-l05<29/7 


CAOP-C 5 \ \ > 2A J Z5 MtbOBBOCB/l 


roSRl3<^ 105 KC 


C4*P CIO 


0 CSRI3E225KS 


CAP CJ 


CCSR \3<S,l8&KL 


CAsP CD MlL^O^OCS/L 


CCSR 13E476KQ 


TRAtOSIpAP TRg- MlLTOW ROSsCd || 


TRAWsIPAD THE MILTDK) ROSS C? 2. 


CAP CZD J D3 J ^\ ELM7U4U 3 


COMP Aecv TBBiC I 2. 



FC. 13^0 AvCC'Y T*0>S 


'SVeO BLAUK 


“£RM L_ 


STAklDOPP CAM’S i O k) IO 



COMPARATOR A aouaoz 


FAirc WILD 


FLIP-FLOP FFECI-FFSO; 


r LAT PACK FA IRC WILD 



TSTR 0203,20^211 


Y2I3, 2.1 7i 


D2.B 


TSTR ^DC>7 



Raytheon) 


SIZE 

A 

CODE IDENT NO 

06509 

LM 5\3LOO 

_ 

SCALE “ — 

REV A 

SHEET \ *2. | 













































* 

ASSY 

DESCRIPTION, 

QTY 

PART NUMBER 

LEVEL 

1 23456 

SYM, SPEC, CODE IDENT NO 

REQ 



<SI*T'*S2>IM 


sn? Q2 rz.,eio> 14 


ZI&| 2I€> RAVTOEOKJ 



mniisi^ 



TSTi^ <5*23)4, , 2\% G«e I 3 


zbS)Z^4 <a»e i z 


?Zk45£>C3oSOF 


RKiSSC. 5<b£l F 


RU55CG)9lf r 


RM55CZZ61F 


RV055C \47S F 


TRjOS>&C“I5RO F 


'SO . "RUSS C332D 


RU66C5I l IP 





T^iOOe^ZOOeR CRZ14 


M|L-S-\95#>//Z7 


O \ <c^e.Z®0E«, 03254 >ZSS,2\3, i <4- 


CR 231 TRW 


IDlOOe CE3 1 1 jZ^jZZZ., 251, ! 17 


3ZS, 22.4)230, 352,249, 


5(5-2333,350,256 


bAlU-S-i^ SOO/z.4-0 


Res iRzi e^z-i^/zis 


524,246^/B 


Ml^-R-\0509/7 


‘ £S 'R^BO 


T>es 2.0s> e4 i ’ 


R£b R2Q1, 343 



RES RE34>23S 


RES 1RZ2I 


RES RSi1»S55 


R££b 1^320, MU,-R-\05Q3/7 


Z«S4jZJ5>S> 


sSs^con^F \socr 


SIZE CODE IDENT HO 

A 06509 



MlL-R-U/8 


LM 5 1 2>2cbO 


REV A* 


SHEET { 3 









































ITEM 


3&<o 


PART NUMBER 


ASSY 

LEVEL 

1 23456 


DESCRIPTION 

SYM, SPEC, CODE IDENT NO 



RUSSCIOOIP 


esz, ess 



M (L- E- 10509/7 


seo i RkJE>e>C,\ \OS F* 











RU55C F 


RES IRS'S ,SSS 22S 


ess ezs 

/ 


R.ES RS3I.23S 



S&33I-CS 


M3SC03/0 1 -seas 


• -2 — l -CL* 




Sf4 <CSRI3<$ 104 fcXU 



RES $22iR 25 


PALE IZ. 



SIZE 

A 

CODE IDENT NO 

06509 

SCALE 


IM 515Z.(dO 


REV /\ 


SHEET 1 4- 











































*25 M 3 = 3 O 03 £>H 


zinnia 


MllzG^OO 



CAP C3Q3 As 


CcsrvSB 337fcpu) MlbC-S^ 



430 IEMUCVK0IBT1O3M 


EMUCVK0I8T333M 


CKeAsX^OM 


335 


C^lZAXIOI M 


\ OZZl -KjYU 


100 38- PAP 


\ 00 34- Kjyu 


4<3T)^P05O8B 


f "7 A"7 --Z- 


\ O-O^'Z-.S 


MS5R57-35 




M331S37-3S 




^5£|M3Z4C<=?3-C26 



CAP CZlO;COO, 


C133; Z3 4 


cap czie 


6M1U4U 4- 


EM1I14II 


cap ceoiizn ym-c-uot^ol 2 . 


CAP C202>j2\G mL-C-WO(S/ZO 2 


TRAP’S, VPAP TM£ MU-TOW ROSS CO 2 


^saPAD tMs HlCTOW ROSS CO 4* 


TRAWSlPAD T«E MlLToW ROSS CO t| 


RETAIME.R 1CRC 


IWASHeTC, y\\CA 


WASHER, 3POX 


SCREW 


SCR. GW 


5CRE 




SCREW 


■ e 




msisttps-soS 


^55 MCI s 79 5 -3<?3- 


SCREW 



A 06509 



WAGBEK. , FLA1 


WAS N ETZ , PLAT 


SIZE ICODE 1DENT NO 


LM SlSCGG 


I REV A 


SHEET 1 S' 


1 -irr 























































■ m | 

■ 


PART NUMBER 


S£> i M3\ 57'^ o -B>05 


MSI57^S-30S 


M'S rl> 33857 78 


19 


2.4* 


MS 3 SS> 4 ~i --<25 4 


M\S 3 S 65 C ?804 

\ is'x . 


BI 3 B 70 -I 


4 ^. 5 ; ESI — ( 


- 2 - 


5Qc6 1S> 

WAS43DD1 -STL 




W 8 . 5\3 387-1 


53134 - I D 


3 >r 3 Zje 3 - 1 


A2ZD! 


47 s m 3 3 v=> 37 *mb 


I 401 Z -3 


ZJ=» 4 BS> $ -A 


2342 . 3 - 4-3 


4 1^282 — \ 


458 4 B2.8 3 -Z. 


ASSY 

LEVEL 

2 3 4 5 6 


DESCRIPTION, 

SYM, SPEC, CODE IDENT NO 


Vs/AC^cX FLW 


W88H ER P\ _ ACT 


'A/MWLW LOCK 


wkch’lv. lock 


MUT 


MOT 


k^ OT 

uGo; z-ieeic/c 


y:n wcs A 55 V tbs 


T=><OTT*T~\kJ<8> C’JPTB^ 


13 EP 0 D BSSAvKiLC 


T3.V^KAlKiAsU LERCO 




n" 3 R.kAVM./\U 


XFMR TZQ 4 , 204 A 

CORE 

yC'T MP Tgb^, iO«i 
CORE 

W / R£ 


5 Ck.CVL 


VUA3H LP, 


KJ.CBK-T* 


\ Ki SERT 


SOB C LA AfBG IS) Af 


SOB CV4AS3l3> 


L_ 3 T 3 LO 


MAG, 1*00 
Fx 


N/tr<bO“Si -as 




5 S] MS 


M-e 20 S 34 ?AsO B 


MS35337-77 


450 KSSSB 3 7 - 



SH~I F~ P~ VSLBrR. 

UOT AsUCHC>R 


uarwacHo' 


RBiO&T' 


FBwerr 


WAS HER, LOCB 


WAS K 512 . LOCWL 


CODE IDENT NO 

1 II PP 

nA*f\ Q Un — ) 


K A 7 NO M 3 


VOA 









































































ITEM 

PART NUMBER 

ye>/i 


i 

Ataevs -i 


ASSY 

LEVEL 

1 23456 


DESCRIPTION, 

SYM, SPEC, CODE IDENT NO. 





3 1 32 .< 0 ? ) — 


i ia>£< 2>3 


I 133 < 2>4 


3 >I 32 £>E> - 


as; s\s zos -3 


MPT 331 -OO 


A.D 3 , 


'ZJ 3 > 2 . 0 =>< 2 ? 




COMP -rl 3 \ 


ROAR'D AvDSA TB I 


BOARD E>LAWV< 


TERM U 3 TRCO K 8 


T £RM LERCO i I & 


STAKiDOF F CAM<3> I O 




XFMR ASSV TBO 


CORE 


COILPORM 


BRACKET 


CKeT 


FUJT- Av.KJC.V-AO* 


RJVE.T 


KAVK3AR 




SIZE CODE IDENT NO 

A 06509 


LM 51 5 cOO 


REV A 


T-17 










































ITEM 


5Z& 


PART NUMBER 


E.I vn|c34SO? 


O 


- 15 


- 5 


5 


MS5R57' I 7 


KJA^CbT 1-C4 




ASSY 

LEVEL 

1 23456 


DESCRIPTION, 

SYM, SPEC, CODE IDENT NO 


. QTY 
REQ' 





\AI HT 


TYPE KA 




DIODE . CJRSOO- 3^5 


FUGE , FS07 -B(Z BUSSMArJM 



t F 2Z<2 - 3ZS y 


F B3Z- 237 


FO^E; F 344 - 34 - 5 , 


F 356 - 36 f 


FOES FSO\ - 303 BUSSM/XWM 


screw 


kJUT 


‘ FL.ACT 


HER LOC 


j l TRLEL 


WIRE FLEK 


SOUDE 


-B-Bl l 


SkicEO OE 63 


MHBBEB 




©RX> BU\M 



SIZE CODE IDENT NO 

A 06509 


SCALE 


LMS 1 - 


REV A, 

SHEET \ S 









































PART NUMBER 


ASSY 

LEVEL 



























FART NUMBER 


ASSY 

LEVEL 

1 23456 


DESCRIPTION, 

SYM, SPEC, CODE IDENT NO 


FUSE. F-5\3-5<6 1 3lg ; 5l9 j J SCJSSVAMs)K)|Cb 


GjF A 


FUSS F326-33I, 


F 3 38- 343 


FUSE. F3SO-355. 


F36Z- 3<£7 


FUSS F 3 o 4 - 30 & 


BOSSHAVJfO 3 


<gC^|MS 5 lSS“T”\T 


SCREW 


KiAuBST \-c4- 


MUT 


MSI51SS-BOE 


WASH £R- FLAT 


MS 35 S 51-78 


WAsSHAjE.'R- LOC 


S 4 - 


WSRS BUSS 


<£/C 5 , ** 34 WHIT 


WIRE* FLEX 


TV?H 


SOLDER 0,0.-S-ST\ 


SMOOo^SS 


F’NAR TO- I \ 


3 1 SULb 3 > — I 


TTlKJXh CUP 


-B. 


CUP 




bass 




SIZE CODE IDENT NO 


A 06509 


LM 5 


SCALE 




SHEET 20 


EM FORM 17739 C 


1-20 













































4 

ASSY 

DESCRIPTION, 

QTY 

PART NUMBER 

LEVEL 

1 23456 

SYM, SPEC, CODE IDENT NO 

REQ 


U.ERCO I \<o 



GA 5, 2 13 <=>-73 



645 ( 



3b 1 39^9'Z. 


^1^68 -1 


655! 3 t 3 ^6 8 -e. 


3l3^Gg -*»> 


KJ -60 


50Z6B 


vmfr "rao-4 


CORE 

MA6 iMC 



XMFR "T30C? 1 I 


CO&e HAS, IWC *3 


66# 




TERMlMK 


LERCO IlC? 



CODE IDENT NO 

06509 


LM 5I3< 

3GO 

REV A 

|sheet*2. 1 





































i 

i 

ASSY 

TEM 

PART NUMBER 

i 

LEVEL 

1 23456 


DESCRIPTION, 

SYM, SPEC, CODE iDENT NO. 



A — ' 


A I SZ-toS ~i 


&S 5 * 4 I B Z 5 2 - * 2 - 


UA^\OC>e>COto 


MSZ^l Zj^ACDZ 


BRACKET 


MOT PlATB 


RlMETT 



B 1860 8 

R~7 E=>cr~ 


Nv^QT'Q'R MZOtiZglA 

Y\ A.VJ. HAYDOW 


POT \ KOt. !~K\AJ SOTORvO 


2.0,3, 205 


CjOKAPO TH K \NSTR. CO. 


SIZE CODE IDENT NO 

A 06509 


SCALE 




LM -5 1 0' 

LOO 

REV K 

SHEETS 2. 




































ITEM 

PART NUMBER 



ASSY 

LEVEL 

1 23456 


DESCRIPTION, 

SYM, SPEC, CODE 1DENT NO. 



a i 3^13 


5ZOG t~t A 




-4 1 —i 


685* 4*3 252. -2L 


kl A5b \ OGd'oCO(o 





MO' TOR Av^^V 


tv\crroR BraorET Assy 


SRACREJ 


mot- T^uAcre: 


RlWHT 


MOTOR NA Z0{ iZOl A _ 


A.W. NAVDCJM 


ROT" \l<jriM%\AJS.TORkA 


R2.C.3, 26S 


OOMPOTER 1MSTR CO 


SIZE CODE IDENT NO 

A 06509 


SCALE 


LM O' 


->-7 




xmfr t^o 1 ^ 


CORE MAG, |k)C 3 





REV A 







































PART NUMBER 




RU 55 C 


RU5SC I IOZK 


G>T^A^O 


A, R \ VAC A EE> 


T7- 


ASSY 

LEVEL 

1 23456 






MS5i8>57-2®> 


MSZ46S3-CG 


tV\ SS6S3 7-7S 


DESCRIPTION, 

SYM, SPEC, CODE IDENT NO 


CO M PO MEUT AtSSV T S7 


ERM bRD /\ssy 


BED CWAsKJK 


kieOL^TOR 




LERjCO 


res Rcse> s.irr, 


so-acro zso.rz. 


1 0509/7 


RES RCS 3 .Z 30 mil- r- 10500/7 2 


DIODESEMER OR CCS | \ 

TR.W 


S CREZ 5 ZZ 6 4 ez 7 I e 


ccs , ca zz&As 



M \ u- - \ ^ soo /a 40 


WIRE SOWS 00-W-34S 


TVPES 



COUPU Pi^ DeS\< 2 >U I 2 


COR.P 



S^-RE^V . J 


SCREW 



AS>PE.R- Logic 


SIZE CODE IDENT NO 




A 06509 LWI -SI3Z 


'Cv V J 


REV A, 


SHEET ^3 













































PART NUMBER 


ASSY 

LEVEL 

1 23456 


DESCRIPTION, 

SYM, SPEC, CODE IDENT NO 


£T7-7S 


> V 7AC M £3 VR - lq c K 


M-SlSn^S-SO 


MS3S^-4^ 


S/( C> 3 ‘oCpA ^ *Kb^ 


745,TTRX22\Q )L)-^ 


Ae G>4S 


VA/A\‘^H£fP^,--P l - A.T 


NiUT 


UUT 


V/kyiTRE. 




PIODE CR\>4 SA\L-S-t9S00/z4<?l a 


X W- 4-0 7 


TZ&L./W HARTM A KJ HUECT 


MF 6 , CO* 


UASU5?52RISB2ePU 


UAS1&5ZRI<B520PU. 


755 


k] /Vbl65ZRlO£CSU 


COMki J \ 


COKJLki O Z_ 


COKJkji) 


413257 -Z_ 


"TE-TZKx\ BLOCK 


-Ol 


botO ld , 


CAM "gi ok) 


765, AKi3(C -C4 


KJLU'T' 


*SJ 3CS6-I 


KO. 115 M ^SO 


C ' "2_>’L s>Cd — c_ 


77<7 EMI 7308- 4- 


EM FORM 17739C 


LU6» } TERM ^lERlCK | 4 


BOB OTRA 


OP 


PAClTOE. Z.CUtf too Vi C2^ C5 O I Z. 


CODE IDENT NO 

I H 

06509 1 UP- 


SCALE 


REV A 


- C'O' 


SHEET 2-4- 


1-2+ 











































' PART NUMBER 


77 / -4 - i 


4 1 3 3>7 Z - 


775| 4 13 ^7 2. -2 


4*3^72- 3 


4-i 3^7 2,- 4 


30 25 - B 


4 535 -B 


7&S 50 2G~B 


ASSY 

LEVEL 

1 2 3 4 5 6 



DESCRIPTION, 

SYM, SPEC, CODE 1DENT NO 


COMP ASSV TB8 


BOAKtD ASSY 


BOARD BLAMK 


INSULATOR. 


-MEATS U4£ 


TTERMI/JAL U 


THEMIS* AI- 



MS ^0 4-ZG -AD4 


AU743-"BCt3R 



3C3-2.S5-I 


315 185 -2 


7951 52033 - I D 


313285-5 


31 3 28G- G 



800 

50 25- A 


TERM 

■ 

2 



*2. 13^7^ 


805) ^>2o5C-lA 



CDf Assy 


CUP 



XMFR T303 


CORE MAO. INC 


SIZE CODE IDENT NO 

A OASOQ LM5I3 2GO 


A 06509 


SCALE 


SHEET 25* 




L€RCO |I 02 


\o 


lerc c a 



><MFR 

i, CUP ASSY TZO 1 

XMFR 

Assy TZOl 

CORE 

MAG /UC 











































EM? 710 466 


aiolCTA^ lNi-76Z A 


0 “AW\M' 2 ^ < S 4 'e» 


< 3 r 73 > 4 £.G 


ENl 78 3 24 0 


?40| e:H "74 70*3 U 


OfOOe CRS<SOj 56 Z 


MtUS-\6SOO/iz7 2 



"OtoDE . ZEKiER CRZ 3 Z. 


M\u- S-I^SOO/ 272 




~D\ ODE CR 243,246, 4l,4B 



TSTR <3*303,307, 313, 320 




TSTR Q 304, 308 - 3 1 2 . } 3 18, 3f~> S> 



TSTR Q.2, 12. _SoutKC?W | 2. 



T^TR <330031^317)323 



SIZE 

A 

CODE IDENT NO 

06509 

LM 5 \ 3 Z'GO 

SCALE — 

REV A, 

SHEET 2 O 

















































ITEM 

♦ 

PART NUMBER 

ASSY 

LEVEL 

1 23456 

DESCRIPTION, 

SYM, SPEC, CODE IDENT NO 

QTY 

REQ 

641 

GX 73531 H 

nun 

TSTR <3.22.4 RAYTT4EOKJ 

n 


<SX 7 as 2 4 - 


845! G>£ 78324 4 i 



A<S> S - 3 - I K 



860 A< 5 S-S“ SSL 


A<3vS-S- 2-0- 



RN)S 5 C 3 S 2 \ F 


TSTR QZOi 5 20Z SOLITR.OK) j Z 


TSTR Q 22 3 



RES R 307 , 31 ^ 


RES R 330, 325 


DALE |Z 


Dale 2 



Res R 320; 337 


Res R 3 os, 306 


RES RZ70 


DALE t Z 


DALE 2 


DALE 



Res 

R 27 I 

"Dale 

RES 

RW 2.7 

DALE 



RES R 309,3 IS DALE 


Res* R 272 . dale 


RES, ^ 7K RZ3 1 D>Ale 


ES R 32 C? DALE 



RES R 2, 28,3,41,-542,314,317, 


R32L330 Mil-R- loS05>/7 



RES RS 4 S, 344 MlER- loso ^/7 I 2 . 



SIZE 

A 

CODE IDENT NO 

06509 

SCALE 


LM 51Z2GO 


REV A 


SHEET 





















































PART NUMBER 


PK>55C24S>| F 


RK)55C205IF 


-R M SSC F 


RMSSc 1 002 F 


KC07QF30I JT 


RCO~7<5,F 472 J 


RK>55C4870F 


EM] 10454 4-12. 


eMUcyKoiBTiosH 


2542^>-4~4 


500 \402>Z- 5 


KlASCZO AlO 


MS35337 


MS \ 57^5 -503 


NJASG71 - CIO 


MS 21043 - 04- 



DESCRIPTION, 

SYM, SPEC, CODE IDENT NO 












■RES R 302,311 10503>/7 Z. 



RES R 345- 348 


RES R 3 03 j 3 I 2 S,I,T7 


^ 1 . 1 K 


RES R3j29 


MIL-K- \050S>/7\ *2 



RZ02.Z03 WML -P~ 11/ 6 



RE'S RZOl 


NV l L- R-'H/ g 


RES R3\^>332 MIL-R4O509/7 2 



CAP CZOI- 204.232 


CAP C300.30I EM 7 114-1 



WASHER-M\CA 



washer- Epoxy 



tour 


SIZE CODE IDENT NO 



A 06509 LMSI3 2GO 


SHEET 2S 























































PART NUMBER 


KAS Z4<S^3-ClO 


BBD'-£ZS-C6a 


||5 X . IP>G 


\00 38 - DA P 


\ OOlS-DAp 


CKR065X104KP 


ASSY 

LEVEL 

1 23456 


DESCRIPTION, 

SYM, SPEC, CODE IDENT NO 


S'Zl20C\Ni3 < 2>G4 


RK>5SC487<?F 



SCALE 



SIZE CODE IDENT NO 

A 06509 

































PART NUMBER 

ASSY 

LEVEL 

1 23456 

DESCRIPTION, 

SYM, SPEC, CODE IDENT NO 

QTY, 

REQ 

t 




<$>s-a RH-Z5 O.&xx. 





MS5IS51-I6 


M‘SZ4^'5-C22> 


vlr czzoi 


3Z(,Z>ZZ 


^UZ04>ZZ?4 - 


3lZ> 


S>Z W ZZS DAte 


SCREW 


5><ZR(ZW 




SCREW 



S7S NA;S<37j — CZ. 


tvise.io^'z-B 


UT- 


SiZE CODE IDENT NO 



NJUT 


MUT-LOC 



klUT- L.O CK 
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1.0 INTRODUCTION 


The D.C. power system for the Brayton Cycle alternator provides 
+28VDC and -28VDC from transformer rectifiers or from two 
batteries. In addition the system has charge control logic 
ampere hour meters, voltage, temperature, current and state of 
charge telemetry. 

This series of tests will verify that system meets certain 
minimum performance requirements at various temperature. 

2.0 SYSTEM DESCRIPTION 

Page 4 through 16 final report. 

3.0 TEST OBJECTIVES 

The following tests will verify that the system will operate as 
designed. Criteria for this verification are based on bread- 
board performance data 1 and on calculations taking into account 
guaranteed component limitations and previous experience with 
these components. Complete test records will detail system per- 
formance against the worst expected variations. In addition 
telemetry calibration curves will be provided where necessary. 

4.0 LIST OF APPLICABLE DOCUMENTS 

4.1 NASA Contract NAS3-10936, Exhibit B. Scope of work 

as amended, 

4.2 Test Fixture Schematic SM313290. 
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5*0 LIST OP TEST EQUIPMENT, OR SIMILAR 

5.1 Oscilloscope, Tektronix 531 
'5.2 Digital Voltmeter, HP3440A 

5.3 Temperature Chamber, Bemco 

5.4 Multimeter, Triplett 63 0A 

5.5 Power Supply, Power Design 4005 

5.6 Power Supply, Engineered Magnetics 50 Amp 

5.7 Digital Frequency Counter, BP5243L 

5.8 Ammeter, Weston 0-10 Amp 

5.9 2 ea. 3.5 ohm, 500W. Power Resistors 

5.10 Test Fixture, E M 31329 0 

5.11 Power Supply, General Resistance No. DAS-46L 

5.12 Resistance Decade Box, GR Type 1432-N 

6.0 TEST SEQUENCE 

All tests are at room temperature and atmospheric pressure unless 
otherwise noted. 

6.1 General Procedures 


6.1.1 Record all measurements on the test record form 
and check that data are within the limits speci- 
fied. 

6.1.2 Ust Digital Volt Meter for all voltage adjust- 
ments and readings unless otherwise noted. 

6.1.3 Positive Side Transformer, Rectifier, Logic and 
Charger Tests. 


««f rn*t 


rr-3 







6. 1.3.1 Connect the unit under test to the test 
fixture and its positive battery con- 
nection to the 0-10A ammeter in series 
with the 3.5 ohm power resistor to ground. 
Connect the 0-5 OA test supply m series 
with a silicon diode, having a rating of 
at least 6A and 50V, across the 3.5 ohm 
power resistor m order to simulate the 
battery voltage when the charger is off. 
Set the supply for 21 to 26 volts. Use 
this method of battery voltage simulation 

i 

for the remainder of the test procedure 
whenever the use of the 3.5 or 7 ohm. power 
resistor is called for. 

Connect a test lead from Pin V of Jl to 
Pm 10 of J4, and another test lead from 
Pin X of Jl to Pm 11 of J4. These two 
leads must be connected whenever the unit 
is operated without the two batteries and 
their current shunts connected. 

Connect the 0-40V test supply for a posi- 
tive voltage-of 39.5V between test point 
TB9-36 and ground. Turn on the AC gener- 
ator, then set the test fixture for relay 
< open and chabger off. Record the voltage 
at Pm 1 of J4 and record the current 
readings for the following conditions: 

6. 1.3. 2 Charger Command- Off 

6. 1.3. 3 Charger Command- On 

6. 1.3. 4 Charger Command- Auto 

6. 1.3. 5 Re-adjust the test supply “c 28.5 volts 

6. 1.3. 6 Charger Command- On 

6. 1.3. 7 Charger Command- Off 
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6. 1.3. 8 Change the 3.5 ohm power resistor to 
7 ohms, re-adjust the test supply to 
37.5 volts. Set Charger Command to ON 
and check that ammeter reads more than 
5.0 amperes. 

6. 1.3. 9 Set Charger Command to Auto and record t 
the current reading. 

6.1.3.10 Slowly increase the test supply voltage 
until the previous 3-5 ampere reading 
drops suddenly to less than 0.1 ampere. 
Record the test supply voltage for this 
condition and the following* 





6.1.3.11 Slowly decrease the test supply voltage 
until the current increases suddenly to 
3 t 5 amperes. 

6.1.3.12 With the multimeter on the 12VDC range, 
check to see that the voltage at test 
point TB9-30 is less than *0.5 volts. 

6.1.3.13 Continue to slowly decrease the test 
supply voltage until the 3-5 ampere 
reading increases suddenly to more 
than 5.0 amperes. 

6.1.3.14 Slowly increase the test supply < voltage 
until the current drops suddenly back 
to 3-5 amperes. 

6.1.3.15 Measure and record the voltage at test 
point TB9-25. 

6.1.3.16 Increase the test supply voltage to 
39.5 volts and then slowly decrease it 
to 33 volts, checking that the current 
now reads less than 0.1 amperes . 

6.1.3.17 Set Charger Command to On and then 
hack to Auto, checking that the current 
is now more - than 5,6 amperes. 

6.1.3.18 Connect the resistance decade box to 

pins G and H of Jl. Decrease the re- 
» 

sistance until the current drops to 
less then 0.1 amperes, and record this 
value of resistance. 

6.1.3.19 Increase the resistance until the current 
returns to more than 5.0 amperes, and 
record this value of resistance. Turn 


off the AC generator. 
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6.1*4 Negative Side Transformer, Rectifier, Logic and 

Charger Tests. 

6. 1.4.1 Connect the 0-10A ammeter m series with 
the 3.5 ohm power resistor from the units 
negative battery connection to ground. 

Connect the 0-40V test supply for a nega-i 
tive voltage of 39.5V between test point 
TB9-34 and ground. Turn on the AC gene- 
rator, record the voltage at Pm 2 of J4, 
and the current readings for the following 
conditions : 

6. 1.4. 2 Charger Command - Off 

6. 1.4. 3 Charger Command - On 

6. 1.4.4 Charger Command - Auto 

6. 1.4. 5 Re-ad^ust the test supply to 28.5 volts. 

6. 1.4. 6 Charger Command - On 

6. 1.4. 7 Charger Command - Off 

6. 1.4. 8 Change the 3.5 ohm power resistor to 7 ohms, 
re-ad^ust the test supply to 37.5 volts. 

Set Charger Command to On and check that 
ammeter reads more than 5.0 amperes. 

6. 1.4. 9 Set Charger Command to Auto and record the 
current reading. 

6.1.4.10 Slowly increase the test supply voltage until 

, » 

the previous 3-5 ampere reading drops sudden- 
ly to less than 0.1 ampere. Record the test 
supply voltage for this condition and the 
following: 

6.1.4.11 Slowly decrease the test supply voltage until 
the current increases suddenly to 3-5 amperes, 


6. 1.4. 6 

6. 1.4. 7 

6. 1.4. 8 
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6.1.4;12 


6*1.4.13 


6.1.4.14 


6.1.4.15 


6.1.4.16 


6*1*4.17 


6.1.4.18 


6*1.4.19 


With the aailtJjaeter on the 12VDC range* 
chech to eee that the voltage at teat 
point TB9-29 is leas than <*0.5 volts. 
Continue to slowly decrease the test 
supply voltage until the 3-5 a spare 
reading increases suddenly to store than 
5.0 asgperes. 

Slowly increase the test supply voltage 
until the current drops suddenly hack 
to 3-5 ampere*. 

Measure and record the voltage at test 
point TB9-26 . 

Increase the test supply voltage ta 39.5 
volts and then slowly decrease it to 33 
volts, checking that the current now 
reads less than 0.1 amperes. 

Set Charger Comaand to On and then back 
to Auto, checking that the current is now 
more than 5.0 amperes. 

Connect the resistance decade box to 
pins K and F of Jl. Decrease the re- 
sistance until the current drops to 
less than 0.1 amperes, and record this 

value of resistance. 

» 

Increase the resistance until the current 
returns to more than 5.8 amperes, and 
record this value of resistance. Turn- 
off the AC generator. 
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6.1. 5 Negative Side Ampere Hour Meter Tests 


6.1.5 .1 Connect the millivolt teat aupply for 

a negative voltage to pin W with reapect 
to pin V of Jl. Connect a teat lead 
from pin V of Jl to pin 10 of J4. Con- 
nect the frequency counter to the col- 
lector of Q216A. turn on the AC generator 
and record the period of the puleea for 
ithe following condition®* 

6. 1.5. 2 Set the test supply to 8 MV. 

t 

6. 1*5. 3 Set the test supply to 80 MV. 

6. 1.5 .4 Shift the decimal point one place to the 
right of the reading at 80 MV (6. 1.5.3) 
and check to see that it is within 5 % 
of the reading at 8 MV (6. 1.5. 2). 

6. 1.5. 5 Reverse the polarity of the millivolt 
supply, connect the counter to the col- 
lector of Q210A and repeat (6. 1.5. 2, 

3 and 4), recording the data at (6.1«5.6| 

7 and 8) . 

6.1.5. 9 Reversejthe polarity of the millivolt 

supply and decrease the ampere hour meter 
output voltage setting until the voltage 
at pin P * of Jl is 0 volts. Turn off the 
millivolt supply and increase the voltage 
of the test supply at test point TB9-34 
to -39.5 volts. Note the time when the 
counter starts indicating the pulse period. 

6.1.5.10 Record the period. 

6.1.5.11 Note the time when the counter stops in- 
dicating the pulse period. Divide the 


interval, m seconds, by the pulse period, 
in seconds and record this number. 
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6.1.5.12 R«cord the voltage at pin P of Jl. 

6.1.5.13 Slowly decrease the test Supply voltage 
at teat point TB9-34 to 39.5 volts, 
checking that the current now reads' 
less than 0.1 aaperea. 

6.1.5.14 Turn on the millivolt supply, decreasing 
the asqp hour meter setting until the 
current increases suddenly to 3-5 amperes. 
At this time turn off the millivolt supply 
and record the voltage at pin P of Jl. 

Turn off the AC generator. 

6.1.6 Positive Side Ampere Hour Meter Tests 


6 .1.6.1 Connect the millivolt test supply for a 
negative voltage to pin Y with respect 
to pin X of Jl. Connect a test lead 
from pin X of Jl to pin 11 of J4* Con- 
nect the frequency counter to the col- 
lector of Q216, turn on the AC generator. 

6.1. 6.2 Set the test supply to 8 MV. 

6. 1.6. 3 Set the test supply to 80 MV. 

6 .1.6. 4 Shift the decimal point one place to the 
right of the. reading at 80 MV (6. 1.6. 3) 

/ 

and check to see that it ie within 596 of 
the reading at 8 MV (6. 1.6. 2) • 

6. 1.6. 5 Reverse the polarity of the sdllivolt 
supply, connect the counter to the col- 
lector of 0210 and repeat (6. 1.6. 2, 3 
and 4), recording the data at 6. 1.6.6, 

7 and 8) . 

6 .1.6.9 Reverse the polarity of the millivolt 

» 

supply and decraasa the ampere hour meter 
output voltage setting until the voltage 




II -10 







6. 1*6*9 cant'd* at pin N of J1 is 0 volt*. Turn off 

the millivolt supply and increase the 
voltage of the test supply at test point 
TB9-36 to +39.5 volts. Not* the time 
when the counter starts indicating the 
pulse period. 

6.1.6.10 Record the period. 

6.1.6*11 Note the time when the counter stops in- 
dicating the pulse period. Divide the 
interval, in seconds, by the pulse period, 
in seconds and record this number. 

6.1.6.12 Record the voltage at pin N of Jl. 

6.1*6.13 Connect the 0-10 ammeter in series with 
the 7 ohm resistor to the units positive 
battery connection. Slowly decrease the 
test supply voltage at test point TB9-36 
to 37.5 volts, checking that the current 
now reads less than 0.1 amperes. 

6*1*6.14 Turn on the millivolt supply, decreasing 
the amp hour meter setting until the cur- 
rent increases suddenly to 3-5 amperes. 

At this time turn off the millivolt supply 
and record the voltage at pin N of Jl* 

Turn off the AC generator* 

6*1*7 Relay and Time Delay Tests 


6 *1*7*1 Connect the test supply for a positive 

voltage of 30V between test point TB9-32 
and ground. 

Set test fixture for charger off and 
relay open. Connect a test lead between 
Pin 1 and 9 of J4, and turn on the AC 
generator . 
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6*1. 7.1 cont'd. 


6. 1.7. 2 

6 . 1 . 7. 3 


6. 1.7. 4 


6. 1.7.5 

6 . 1 . 7. 6 


i 


Set relay to close. 

Check that relay status is closed. 

Set relay to Auto and check the time 
required for the relay to open. 

Slowly decrease the test supply voltage 
until the relay closes and record this 
voltage. 

+ 

Set relay to open and check that it does. 
Slowly increase the test supply voltage 
until the voltage at test point TB9-28 
suddenly drops to between -1 and 0 volts. 
Record the test supply voltage. 


i 


6.1.8 Telemetry Tests 


6 . 1 . 8.1 


6 . 1 . 8. 2 

6 . 1 . 8. 3 

6 . 1 . 8. 4 


6 . 1 . 8. 5 

6 . 1 . 8.6 
6. 1.8. 7 


Set charger to off and relay to close. 
Measure the voltage at pin 9 of J4 
and record the ratio of this voltage 
to those measured at the following 
places i 
Pm f of Jl 
Pm g of Jl — 

Measure the voltage at pin 10 of J4 
and record the ratio of this voltage 
to those measured at the following 
places i 
Pin e of Jl 
Pin h of Jl 

Record and graph the output voltage 
for each of the four current sensors 
on test record form, figure 1, 2, 3 
and 4. Make measurements at 0,10 
and 25 amperes. 
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6. 1.8. 8 Record and graph the output voltage of 

both battery temperature sensors on Test 
Record Form, Figure 5 and 6 . Use the 
resistance decade box to simulate the 
thermistor resistance at each of the fol* 
lowing temperature/resistance points: 

(a) 14°F = 27 , 800/1. 

(b) 68°F = 6, 25dru 

(c) 122°F = 1,798^ 

(d) 176°F = 626la. 

(e) 194°F = 456u%. 

6.1. * Buss and Solder Test Point TB9-31 to TB9-32, 
TB9-33 to TB9-34 and TB9-35 to TB9-36. 
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6.1.3.12 


6.1.3.13 


6.1.3.14 


6.1.3.15 
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6.1.4.10 


+27-3 4 Volts 


0-0.1 Amperes** 


6-10 Amperes 


0-0.1 Amperes 


6-10 Ampere a 


6-10 Amperes 


0-0.1 Amperes 


.2 5.5 Amperes 


3-5 Amperes 


| +37 #5-39/0 Volts 


+29.5-31.5 Volts 
l+ 0.5 Volts 
+29-31 Volts 


+36# 0-38,0 Volts 


+40-46 Volts 


0-0.1 Amperes 


— 5*0 Amperes 


450-650 Ohms 


500-750 Ohms 
-27-34 Volts 
0-0.1 Amperes 
6-10 Amperes 
0-0.1 Amperes 
6-10 Amperes 
6-10 Amperes 
0-0.1 Amperes 


.2 5 .0 Amperes 


3-5 Amperes 


-37.5-39.0 Volts 


* &*TTEex R. 


38.4 
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EMPS252 TEST RECORD FORM cont'd. 


Test Procedure Para. 

0°F 

+70°F 

1 +120°F 

+160°F 

Range 

-- , ' 6.1.4.11 


Hi 

■■ 

"3 or? 

-29.5-31.5 Volts 

6.1.4.12 





-S.-0.5 Volts 

6.1.4.13 


ran 

Wjlplfl 

3o.fc» 

, -29-31 Volts > 

6.1.4.14 


36,9 


37,0 

-36.0-36,0 Volts 

6.1.4.15 

...... . . . . .. J 

41. Z 

4t.X. 


IE9B3I 

-4^-46 Volts 

6.1.4.16 




i — 

0-0.1 Amperes 

6.1.4.17 





^.5.0 Amperes 

6.1.4.18 


esji 


511' 

450-650 Ohms 

6.1.4.19 

445 

foOfc 


603 

500-750 Ohms 

6. 1.5. 2 

mu 

im 


I4-.A 

12.1-14.7 Seconds 

6. 1.5. 3 




1,4-0 

1.21-1.47 Seconds 

6. 1.5. 4 




y 

==-5% 

6. 1.5. 6 

<2.. 5 



BM 

12.1-14.7 Seconds 

6. 1.5. 7 

A 



DEM 

1.21-1.47 Seconds 

6. 1.5. 8 

K 

ng 

i 


^5% 

6.1.5.10 

X 


X 

X 

! 30-50 MS 

6.1.5.11 

X 


X 

X 

5400-5900 p.f.s. 

6.1.5.12 * 

455 

4.9& 


4. e& 

+4.8-5.1 Volts 

6.1.5.13 

\ ' 




0-0.1 Amperes 

6.1.5.14 

4,4i 

M58ESB 


4 . 4 a 

+4.35-4.65 Volts 

6 « X«6 « 2 


13.4 


13.6 

12.1-14.7 Seconds 

6. 1.6. 3 

(.34 

1,34 


1,37 

1.21-1.47 Seconds 

6#X«6 *4 


! 



zl 5 % 

6. 1.6. 6 


im 

■1 

■nrai 

12.1-14.7 Seconds 

6. 1.6.7 

|,3Z 

1.36 


L4o 

1.21-1.47 Seconds 

6. 1.6. 8 

f 


II 

■eg 


6.1.6.10 

X 

■I 

E5i 

■es 

30-5 CMS 

6.1.6.11 

X 


X 

X 

5400-5900 p.f.s. 

6.1.6.12 


5,0(b 


So "7 I 

+4.8-5.1 Volts 

, 6.1.6.13 

1 ^ 

i*-" 


U-* 

Os-D.l Amperes 

6.1.6.14 

4.49 

4,4 3! 


4.5/ 1 

+4.35-4.65 Volts 
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EMPS252 TEST RECORD FORM cont'd. 


Test Procedure Para. 

0°F 

| +70°F 

+120°F 

j +160°F 

Range 

6. 1.7. 2 

! U- 

I 

< 

1 

1 ^ 


l 

! ^ 

Relay Closed 

6.L.7.3 

;a.o 

EH 



3-7 Seconds, Open 

6. 1.7. 4 

, 14.0 

2-4.0 

pilpij 


+23-25 Volta ' 

6. 1.7. 5 

i ^ i 

l 



r ^ 

Relay Open . 

6. 1.7. 6 

3&.\ 

E3P 

■■■■ 


+24-26 Volta 

6 • 1 • 8 « 2 i 

1 X 


X 

X 

7. 3-7. 7:1 

6. 1.8. 3 

X 


X 

! 

X 

7 .-3-7. 7:1 

6.1. 8. 5 

X 


X 

X 

7. 3-7. 7:1 

6. 1.8.6 

X 


X 

x 1 

7. 3-7.7 :1 
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EMPS252 TEST RECORD PORM cont'd. 


Test Procedure Para. 

0°P 

+70°F 

+120°F 

+160°F 

Range 

..< v , ' 6.1.4;11 


EH 



-29.5-31.5 Volta 

6.1.4.12 


,/ 



j^-0.5 Volts 

6.1.4.13 

. _ 1 


1Q9 

II 


-29-31 Volte , 

6.1.4.14 


mm 

IMNM 


“36.0-38.0 Volts 

6.1.4.15 


41.5 



-40-46 Volts 

6.1.4.16 





0-0.1 Ampere* 

6.1.4.17 

| 




.21 5 .0 Ampere* 

6.1.4.18 

mm 

ism 

ips^iaai 


450-650 Ohms 

6.1.4.19 





500-750 Ohms 

6. 1.5. 2 


13,4 



12 .1—14 .-7 Second* 

6. 1.5. 3' 





1.21-1.47 Second* 

6. 1.5. 4 





<5% 

6.1.5. 6 


13, 



12.1-14.7 Seconds 

6. 1.5. 7 


1,36 



1.21-1.47 Second* 

6. 1.5. 8 


^ 1 


: 

^-5% 

6.1.5.10 

X 

] 

X 

X 

30-50 MS 

6.1.5.11 

X 


X 

X 

5400-5900 p.f.s. 

6.1.5.12 


S, 03 



+4.8-5.1 Volts 

6.1.5.13 





0-0.1 Ampere* 

6.1.5.14 


s 4.51 

J " ■ 11 ’ 

1 

+4.35-4.65 Volts 

6. 1.6. 2 


’ <3,S 

* 


12.1-14.7 Second* 

6. 1.6. 3 





1.21-1.47 Seconds 

6. 1.6. 4 





^.5% 

6 • X *6 #6 


13.3 



12.1-14.7 Seconds 

6. 1.6. 7 


U38 



1.21-1.47 Seconds 

6. 1.6. 8 

i 

L. . . 




^5% 

6.1.6.10 

X 


X 

X 

3 0-5 CMS 

6.1.6.11 

! X 


X 

X j 

5400-5900 p.f.*. 

6.1.6.12 


4.97 



+4.8-5.1 Volts 

, 6.1.6.13 


. ix 



OtO.I Amperes 

6.1.6.14 


4, A& 



+4.35-4.65 Volts 


14 - 


XI-2* 















































































n- EMPS252 TEST RECORD PORM 

Dat e M£\V^.dY-\ 2 g j \ ^ Technicia n^ . M ATSU M Q T C? 


Test Procedure Para. 

0°P 

+70°F 

+120°F 

L - - 

i +160°F 

Range 

6. 1.3.1 


2 &.C 



+27-3 4 Volts 

6.1.3. 2 





0-0.1 Amperes 

6. 1.3. 3 


i&M 



6-10 Amperes 

6.1.3 .4 





0-0.1 Amperes 

6. 1.3. 5 


8.3- 



| 6-10 Amperes 

6. 1.3. 6 


■jg! 



| 6-10 Amperes 

6. 1.3. 7 





! 0-0.1 Amperes 

6. 1.3. 8 





| .2:5.5 Amperes 

6. 1.3. 9 


4.3 . 



i 3-5 Amperes 

6.1.3.10 


S7.8 


_ 

+37. 5 --39, 6 Volts 

6.1.3.11 


i£s. 



+29. 5 -3 USv Volts 

6.1.3.12 





==:+0.5 Volts 

6.1.3.13 

r 




+29-31 Volts 

6.1.3.14 


3£>g, 

■* 


+36.0^38.0 Volts 

6.1.3.15 


41 4 


1 i 

+45-46 Volts 

6.1.3.16 





0-0.1 Amperes 

6.1.3.17 


5.S 

..... . ■ 

f - - 

~5.o Amperes 

6.1-.3.18 


546 



450-650 Ohms 

6.1.3.19 



* 

% 

| 500-750 Ohms 

6. 1.4.1 


28.33 



~ -27-34 Volts 

6. 1.4.2 





0-0.1 Amperes 

6. 1.4. 3 


8.1 

— 

« 


6-10 Amperes 

6. 1.4.4 ' 


i 



0-0.1 Amperes 

6. 1.4. 5 


S'l , 



6-10 Amperes 

6 »1«4*6 

i 

S.1 



6-10 Amperes 

6. 1.4. 7 ! 

i 




0-0.1 Amperes 

6. 1.4. 8 1 

EEW 



2 5 .0 Amperes 

, 6. 1.4. 9 1 

Eli 

4 


3-5 Amperes 

6.1.4.10 

r 

i 

3e,i 

r T i 

! 1 - .. A 

-37.5-39.0 Volta 


I 


- 13 - 


ll-Zi 

































CJA/f'T # 2.C2.C7 

ENPS252 TEST RECORD FORM cont'd. 


Test Procedure Para. 

| 0°F 

! +70°F 

+120°F 

; +160°F 

Range 

6. 1.7. 2 

l 

t 

i 

f- 

X/" 


f 

f 

Relay Closed 

6. 1.7. 3 

! 

5 



3-7 Seconds, Open 

6. 1.7. 4 


2,3*9 

! 


+23-25 Volts 

6. 1.7.5 


^ , 



Relay Open 

6. 1.7. 6 


24,9 



+24-26 Volts 

6. 1.8. 2 

X 


X 

X 

7. 3-7. 7:1 

6. 1.8. 3 

X 


X 

X 

7. 3-7. 7:1 

6. 1.8. 5 

X 


X 

X 

7 .3-7.7 il 

6. 1.8. 6 

X 


X 

X 

7. 3-7. 7:1 


15 


IX-2.S 




























1Z-T1 


Nt, ID OICT ZQhts 

IQ A INCH 


cqrrsu ci^rzctN CO 

* *LU IN II *. 



AMPERES 



IZ-21 w »-3 V o < 


- 17 - 

























C-II 













Ntt. 34QN ID OUT /OEM fJNAPM PAPC* 

id x iq r» r? inch 


CUOCNC OJCT20CN CO 
MAPlf in tj. ft. A 


- 21 - 

Negative Battery Temperature Sensor 


2'&'2<iT 

Unit Serial No 









WIT * 3 , S&enfrL 4Jo. 26-1(9 

EHPS252 TEST RECORD FORM 


Date Z- 2 \ ~ 6*? 


Technician 'J 




£L 


Teat Procedure Para. 

0°F 

+70°F 

+120°F 

+160°F 

J 

! 

1 Range 

4 

6. 1.3.1 


28.^ 


| +27-3 4 Volts 

6. 1.3. 2 





0-0.1 Amperes 

6. 1.3. 3 


2.2- 



6-10 Amperes 

6. 1.3. 4 




1 0-0.1 Amperes 

6. 1.3. 5 


2.2 


; 6-10 Amperes 

6. 1.3. 6 


2.2 



6-10 Amperes 

6^1.3 .7 





0-0.1 Amperes 

6. 1.3. 8 




l -2 5.q Araperea 

6. 1.3. 9 


4. 0 


' 3-5 Amperes 

.... j... , , ■ ■ 

6.1.3.10 


31*1 _ 


+37 *5-39*0 Volts 

6.1.3.11 


3& * & 



| +29.5-31.5 Volta 

6.1.3.12 


i/ 



j :£.+0.5 Volts 

6.1.3.13 


30.0 



+29-31 Volts 

6.1.3.14 



37.1 . 


J 

+3 6 ✓0-38,0 Volta 

6.1.3.15 


41.23 


1 

+40-46 Volta 

6.1.3.16 





0-0.1 Amperes 

6.1.3.17 


^ i 



— 5.0 Amperes' 

6.1.3.18 


£70 j 



450-650 Ohms 

6.1.3.19 


J>~6 0_\ 



500-750 Ohms 

6. 1.4.1 


28-2 



-27-34 Volta 

6. 1.4. 2 


^ . i i 


0-0.1 Amperes 

6.1.4.3 


7.7 



6-10 Amperes 

6. 1.4. 4 





0-0.1 Amperes 

6«1*4»5 


7. 9 




6-10 Amperes 

• 6 • 1 *4 «6 


Warn 

II 

\ 6-10 Amperes 

6. 1.4. 7 

« 




0-0.1 Amperes 

6. 1.4. 8 





5.0 Amperes 

6. 1.4. 9 


WSm 

w ^ ; 


3-5 Amperes 

6«1«4« X0 


38 . 1 

i 

. — . 

-3 7. .5-39.0 Volta 


13 


II-3Z 
























































'Vo. 2 . 42.69 

EMPS252 TEST RECORD FORM cont'd. 


Test Procedure Para. 

i 0°F 

! +70°F 

I +120°F 

+160°F 

Range 

6.1.4.11 


1 

■■ 


-29.5-31.5 Volts 

6.1.4.12 


Warn 

pHaSa 


-l- 0.5 Volts 

6.1.4.13 


30.1 



-29-31 Volts 

6.1.4.14 

- 

36.9 



-36. 0-38. 0 Volts 

6.1.4.15 


41. Z 



-4q- 46 Volts 

6*1*4* 16 





0-0.1 Amperes 

6.1.4.17 





3.5.0 Amperes 

6.1.4.18 


52.0 



450-650 Ohms 

6.1.4.19 




£20 



500-750 Ohms 

6. 1.5. 2 


1 3.8 



12.1-14.7 Seconds 

6. 1.5. 3 


BBS 

1 

Hr • ' v r:.v?vV v /..'^, 


1.21-1.47 Seconds 

6*1*5 * 4- 


'MM 

a 


5b- 5% 

6. 1.5. 6 
» 


H-.S 



12.1-14.7 Seconds 

. . 

6.1. 5. 7 


mm 



1.21-1.47 Seconds 

6.1.5 ,8 


6. Z 



^.5% 

' 6.1.5 JT6 ~ 

_ - — 

4 5.2. 

X 

X 

30-50 MS 

s.i.lTIi" 


SSI 8 

X 

X 

. 

5400-5900 p.f.s. 

6.1^5.12 

1 "* ’ 
L 

4-.?? 



+4.8-5.1 Volts 

6.1.5.13 

i 




0-0.1 Amperes 

6.1.5.14 

I 

4. 49 



+4.35-4.65 Volts 

6.1.T.2” 

1 

1 



12.1-14.7 Seconds 

6.1.6 .3 


I 



1.21-1.47 Seconds 

6. 1.6. 4 


5.5 



^5% 

6 • 1 * 6 *6 


II 



12.1-14.7 (Seconds 

6. 1.6. 7 


1.33 



1.21-1.47 Seconds 

6. 1.6. 8 


i — 


„ L 

5% 

6*1*6*10 * 

,x 


x ' 

~ . x _|. 

. -i 

30-50MS 

6.1.6.11 

X 

5770 

X 

X 

x {. 

5400-5900 p.f.s. 

6.1.6.12 { 

l 


r t 

,+4.8-5.1 Volta 

6.1.6.13 I 

_i 

mm 

. - 1 

[ 

OtO.I Amperes 

6.1.6.14 i 

1 

4.43 \ 1 1 

+4.35-4.65 Volts 


11-33 

































































(JA//T~ *^3; s&ej&i- A/o. * 2.6249 
EMPS252 TEST RECORD FORM coat'd. 


Test Procedure Para. 

! 0°F 

+70°F 

+120°F 

+160°F 

Range 

6. 1.7. 2 


\S 



Relay Closed 

6. 1.7. 3 


mat 



3-7 Seconds, Open 

6. 1.7. 4 





+23-25 Volta 

6. 1.7. 5 





Relay Open 

6. 1.7. 6 


Z5.\ 



+24-26 Volta 

6. 1.8. 2 

X 

ESDI 

X 

X 

7. 3-7 .7:1 

6. 1.8. 3 

X 

l.S'A 

X 

X 

7. 3-7. 7:1 

6. 1.8. 5 

X 

7.5: t 

X 

X i 

7. 3-7. 7:1 

6.1. 8.6 


ctwm 

wmm 

X j 

7. 3-7.7 :1 


- 15 - 


ZI-34 


























S£*II w *3 t* O < 


no n*nn in nirrincn riwn papcn 
in x i u PtR inch 



AMPERES 


tuorN; nirtioi n co 

MAIM IM II t A 


rent Sensor Unit Serial No. 2 . 6 «2. & 



- 1 . 10/0 


















LZ~T 1 


HO, a^IOR ia 0IET2GCN C.PAPH PAPCR 

iqk ia pen inch 


EUUtfNS OiETXSrN CO 
►**Dt MU. I. A 


- 18 - 





20 


AMPERES 


30 


40 





NO* 34GW ID DICTZCCN CRAPH PAPER 


• m v* in iai*ri imru 


CUGCNG OICTZCCN Cff 

M*f;c IN U S A 


Figure 4 


-19- 

Negative T.R. Current Sensor 


Unit Serial No. 


Z62.6? 




















0! *3 t* O < 























<?/ 'l 


BMPS 25 2 TEST RECORD FORM 

S£fU ATL A/0.Z.U7.7O 

Date 3 ~ 5~ 6 7 Technician 


Test Procedure Para* 

OF 

+70°F 

+120°F 

| +160°F 

Range 

6. 1*3.1 


Z%,5 



+27-3 4 Volts 

6. 1.3* 2 


S' 



0-0.1 Amperes 

6. £.3*3 


8.6 



6-10 Amperes* 

6. 1.3. 4 


tS 



0-0.1 Amperes 

6 * X • 3 *5 


8.6 



j 6-10 Amperes 

6. 1.3.6 


mBm 



6-10 Amperes 

6. 1.3.7 


s 



0-0.1 Amperes 

6. 1.3. 8 


5.6 


’ ^5.q Amperes 

6. 1.3. 9 


6. 6 


-n 

3-5 Amperes 

6.1.3.10 

mm 

38. \ 


! 

+37,5-39,0 Volts 

6.1.3.11 


30. 6 


| +29.5-31.5 Volts 

6.1.3.12 


s' 


j ^1+0.5 Volts 

6.1.3.13 


Z9.9 



+29-31 Volts 

6.1.3.14 


36. 8 



436,0^38,0 Volts 

6.1.3.15 


61.3 



+40-46 Volts 

6.1.3.16 




i 

0-0.1 Amperes 

6.1.3.17 


5.5 


'i 

— 5.0 Amperes 

6.1.3.18 


560 


1 450-650 Ohms 

6.1.3.19 


ho_ H 


J 500-750 Ohms 

6. 1.4.1 

/ 

22.0 



-27-34 Volts 

6. 1.4. 2 j 


S 


1 

0-0.1 Amperes 

6. 1.4. 3 


$.Z 



6-10 Amperes 

6. 1.4. 4 





0-0.1 Amperes 

6. 1.4. 5 


j 


f 

I 

. - -- i 

6-10 Amperes 

6 § 1*4 *6 


_Zj 


! 

6-10 Amperes 

6. 1.4. 7 


s' \ 


’ ! 

0-0.1 Amperes 

6*1. 4. 8 


'5.~i 


j 

5.0 Amperes 

6. 1.4. 9 

t 


L... . i 

3-5 Amperes 

6.1.4.10 

i ' 
> 

3%.2- 

" — 

l 

—37 *5—39.0 Volts 



13- 


ix-^/ 




























EMPS252 TEST RECORD FORM (cont *6.1 

S£r& {#%. /V&, T-tnsjo 


Test Procedure Para. 

0°F 

+70°F 

+120°F 

+160°F 

Range 

/ 

- 6.1.4.11 


1 

{ 

1 

30.5 



-29.5-31.5 Volta 

6.1.4.12 

' 

r" 



-l- 0.5 Volts 

6.1.4.13 

30. 1 



-29-31 Volts 

6.1.4.14 


35.9 



-36.0-38.0 Volte 

’ 6.1.4.15 

1 ■ -- , - 


4-1.4 



-4o-46 Volts 

6 f 1 * 4 » 1G 


: 



0-0.1 Amperes 

6.1.4.17 


£* & 



^t5.o Amperes 

6.1.4.18 


53 0 



450-650 Ohms 

6.1.4.19 


630 



500-750 Ohms 

6. 1.5. 2 


13 4 



t 12.1-14.7 Seconds 

6. 1.5. 3 


1.36 



j 1.21-1.47 Seconds 

6. 1.5. 4 

, 

IS 



1 ^5% 

6. 1.5. 6 


14.1 



1?. 1-14, 7 Seconds 

6. 1.5. 7 


1 .35 



1.21-1.47 Seconds 

6. 1.5. 8 


. 1 

... . ... . . .1 


- 5% 

6.1.5.10 ; 

“x~~ 

7~~] 

: x_ 

X 

| 30-50 MS 

6.1.5.11 j 

__ 

'57X1 

x * 

X 

5^ 00-5900 p.f.s. 

6.1.5.12 j 


5.o,o 

— 


+4. 8-5.1 Volts 

6.1.5.13 j 

h — — - - 
f 

\ X' 



0-0.1 Amperes 

6.1.5.14 | 


[ 4 . s± _ 



+4.35-4.65 Volts 

6 « 1*6 * 2 

1 


13 . 4 . 



12.1-14.7 Seconds 

6. 1.6. 3 j 


1.3 5 

1 

4 

1.21-1.47 Seconds 

6. 1.6. 4 





*15% ~ 

6 • 1 *6 «6 | 


i 3. 5 



12.1-14.7 Seconds 

6. 1.6. 7 j 


;.35 


. j 

J 

1.21-1.47 Seconds 

6. 1.6. 8 | 

! 



i 

T’s% 

6.1.6.10 } X 

* 

40.6 

x~ 

"x j 

30-5 0MS 

6.1.6.11 

x J 

5,7jf~ 

5 .1 

^ ^ ^ f 

x_4. 

5400-5900 p.f.s. 

6 «rl«6 |12 I 

4. f? 


1 

- 1 

+4.8-5.1 Volts 

6.1.6.13 \ 

- > 

X 

♦ 

_ _ j. 

1 

OrD.l Amperes 

‘ 6.1.6.14 ! 

XT59 i 

1 

% 


+4.35-4.65 Volts 























t 


EMPS25? TEST RECORD FORM (cont'd). 


SeA/ftU tfo, Z.62.70 


Tost Procedure 
6. 1.7. 2 

Para. ' 0°F 

i 

i +70°r 

r 

+120°F 

+160°F 

r 

i 

Range 

Relay Closed 

6.1 .7 .3 

5 

-j 


3-7 Seconds, Open 

6. 1.7. 4 

» 

Z^9§ 

j 

\ 

+23-25 Volts 

6. 1.7. 5 



] 

! 

Relay Open 

6. 1.7. 6 

* 



1 

+24-26 Volts 

6. 1.3. 2 

« X 

1 7.5j 1 j 

">r 

r ^ i 

[T. 3 -7. 7:1 

G « i + 8 * 3 

I X 

-i 

\7.Vu j 

X 

X 

[7-3-7 -7 li 

G.J .8.5 

: * J 

7. 5 ; l : 

X 

X 

l_7.3-7.7sl 

6. 1.8.6 

1 X 1 


"’"“'"x "I 

“x‘“~ 

i 7^3-7”. 7 :1~ 


-10 


II -*3 
















HO a*iLlW iu Cl£Tr"VN CRAPH *V*CP 
IQ X to PCP INCH 


iucjcnk oiitiv i* w rn 

MMjff IN UL 5 A, 


-17- 

Negative Battery Current Sensor 


Figure 2 


Unit Serial No. ZX 2.5>o, . 


























N'J 


i o 'VCTrc T * Of a^h PAP**** 
ro x to pen inch 


MjarNr oisrzn^N 

M*CC. »H *J * 


- 19 - 













































APPENDIX III 


THERMAL TEST REPORT 



THERMAL TEST REPORT 
EMPS252 DC POWER SUPPLY 


PURPOSE: 


METHOD: 


PROCEDURE: 


RESULTS: 


To determine maximum operating temperatures of 
certain significant heat dissipating components 
within the EMPS252 DC Power Supply. 

Maximum temperatures were measqred while operating 
the unit in a temperature controlled oven. 

Thermocouples were installed on major heat dissi- 
pating components and on the baseplate mounting 
flange. The unit was installed with 1/4 - 28 bolts 
torqued to 85 - 90 inch pounds on a one inch thick, 
finned aluminum heat sink plate. A styrofoam in- 
sulating box enclosed the unit to minimize radiation 
and convection heat losses . The unit was placed 
m a Bemco temperature controlled oven and operated 
at full electrical load while controlling oven 
temperature to maintain the heat sink at 155°F. 

This was to simulate a coolaht fluid temperature 
of 150°P and a thermal conductance of 300 BTU/ 
HrFt 2o F between the coolant and the coldplate 
surface. Thermocouple outputs were recorded on 
a Honeywell Brown Electromk millivolt recorder. 

The maximum observed temperatures are tabulated 
in the attached Thermal Test Summary. All temper- 
atures are well below their reliable operating 
limit with the exception of the power transformer, 
T302. A temperature m excess of 300°F was 
measured on the core of T302. While this is not 
detrimental to the core itself it could have an 
adverse effect on adjacent circuitry. 


III-l 



DISCUSSION: Visual examination of T302 revealed several areas 

of poor theapnal contact. The varnish dip coating 
on the transformer prevents good contact to the 

l 

aluminum mounting bracket. Irregularities in the 
core prevent firm contact between the core and 
the baseplate of the unit* Since these thermal 
deficiencies are somewhat inherent in the trans- 
former construction, improvement ,m heat transfer 
must be accomplished by other means. A high 
thermal conductivity epoxy could be applied at 
the base of the transformer to fill the gap 
between core and unit baseplate and at the side 
of the transformer to provide an additional heat 
transfer path to the vertical mounting bracket 
that is brazed to the baseplate,. In addition, 
the inside of the cover could be painted flat 
black to increase radiation heat losses from 
the transformer. 

> 

CONCLUSIONS: The DC Power Supply meets the specified requirements. 

With minor changes,/ the thermal design of the EMPS252 
DC Power Supply will be even further improved. 
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EMPS252 DC POWER SUPPLY 
THERMAL TEST SUMMARY 


THERMOCOUPLE 

LOCATION 

MAXIMUM OBSERVED TEMPERATURE 

CR 323 

173 

CR 343 

184 

CR 346 

185 

CR 357 

190 

Q 1 

170 

Q 9 

195 

Q 15 

207 

Q 212 

185 

Q 305 

170 

Q 314 

172 

Q 321 

169 

R 323 

174 

R 340 

169 

T 302 MTG BRKT 

234 

T 302 CORE 

325 

BASEPLATE 

157 

COLDPLATE* 

155 


* ACTUAL COLDPLATE TEMPERATURE DURING TEST REACHED 
169°F. TEMPERATURES LISTED HAVE BEEN ADJUSTED 
TO CORRESPOND WITH 155°F COLDPLATE SURFACE. 
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EMPS252 DC POWER SUPPLY 
SUPPLEMENTARY THERMAL TEST 


AN ADDITIONAL THERMAL TEST WAS PERFORMED TO DETERMINE 'THE 
AMOUNT OF IMPROVEMENT ACHIEVED BY ADDING THERMAL BOND 312 
EPOXY FILLING BETWEEN POWER TRANSFORMER T 302 and THE UNIT 
CASE. 

T 302 MTG BRKT TEMPERATURE CHANGED FROM 234 to 218°F 
T 302 CORE TEMPERATURE CHANGED FROM 325 to 311°F 
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BRAYTON CYCLE CONTRACTS 


BASIC FINAL REPORT DISTRIBUTION LIS/TS 


(5 + reproducible) 


$ASA Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
Attention. 

Contract Manager 
Mail Stop 500-201 


Brayton Pro 3 ect Office 
Mail Stop 500-201 

(25) 

H. 0. Slone 
Mail Stop 500-201 

(1) 

D. R. Packe 
Mail Stop 500-201 

(1) 

R. E. English 
Mail Stop 500-201 

(1) 

B. Lubarsky 
Mail Stop 3-3 

(1) 

J. E. Dilley 
Mail Stop 500-309 

(1) 

D. G. Be remand 
Mail Stop 500-201 

(1) 

W. T. Wintucky 
Mail Stop 500-201 

(1) 

V. Hlavirt 
Mail Stop 3-14 

(1) 


NASA Lewis Research Center 
Plum Brook Station 
Taylor Road 
Sandusky, Ohio 44870 
Attention: J. C. Nettles (2) 

Mail Stop 1441-1 


P. A. Thollot 
Mail Stop 500-201 

(1) 

A S. Valermo 
Mail Stop 500-202 

(1) 

H. A. Shumaker 
Mail Stop 500-202 

(1) 

W. L. Stewart 
Mail Stop 77-2 

(1) 

Library 

Mail Stop 60-3 

(2) 

Report Control Office 
Mail Stop 5-5 

(1) 

Reliability & Quality 
Assurance Office 

c 

(1) 


Mail Stop 500-111 

Technology Utilization Office (1) 
Mail Stop 3-19 


National Aeronautics & Space Adm* 
Washington, D. C 20546 
Attention: P. R. Miller (1) 

Code RNP 

H. D. Rochen (1) 

Code RNP 
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NASA Scientific & Technical Information Facility 
Post Office Box 5700 

College Park, Maryland 20740 ' 

Attention Acquisitions Branch (SQT-34054) (1 + reproducible) 
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